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ASSTRACT 

(U)  This  book  is  Intended  for  engineering  personnel  and 
chemists  concerned  with  improving  the  quality  of  motor  oils  and 
lubricants  used  in  internal  combustion  engines.  Properties  of  motor 
oils  and  lubricants  produced  from  crudes  of  various  Soviet  regions 
are  outlines  and  the  effect  of  various  additives  Introduced  to  oils 
and  lubricants  la  analyzed.  Results  of  lubricant  tests  are  presented 
and  the  service  life,  wear  resistance,  and  corrosion  resistance  of 
various  internal  combustion  engine  parts  are  discussed. 
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INTRODUCTION 


The  most  Important  branches  of  the  Soviet  national  economy, 
including  the  petrochemical  and  petroleum-refining  industry,  are 
now  being  developed  at  an  accelerated  rate  on  the  basis  of  the 
latest  advances  in  science  and  technology,  which  are  being  used 
for  rapid  expansion  of  production  resources.  Use  of  the  inoxhaust- 
j.ble  potentialities  of  the  chemical  industry,  which  has  been  as¬ 
signed  the  decisive  role  in  development  of  Soviet  production  re¬ 
sources,  is  of  special  significance. 

It  was  pointed  out  in  the  decisions  of  the  December  (1963) 
Plenum  of  the  CPSU  that  use  of  chemical  products  and  synthetic 
materials  will  permit  radical  reorganization  of  the  most  impor¬ 
tant  areas  of  manufacturing.  This  reorganization  will  in  turn  per¬ 
mit  a  rapid  rise  in  output,  increase  the  quality  of  manufactured 
goods,  and  simultaneously  reduce  capital  expenditures  and  produc¬ 
tion  costs. 

Petrochemistry  is  to  play  an  especially  important  role  in  the 
development  of  Soviet  production  resources.  The  raw-material  base 
for  this  branch  of  Industry  has  continuously  expanded:  petroleum 
supplies  have  increased  by  a  factor  of  almost  4  and  gas  supplies 
by  a  factor  of  11  over  the  past  decade. 

The  development  of  the  petrochemical  and  petroleum-refining 
industry  should  substantially  enlarge  our  opportunities  for  use 
of  the  latest  achievements  of  science  and  technology  in  one  of 
the  leading  branches  of  Industry,  machine  building  and  particular¬ 
ly  engine  building.  The  continuous  improvement  in  engine  design 
has  made  the  requlrenients  Imposed  by  operating  conditions  on  fu¬ 
els  and,  especially,  on  lubricating  oils  more  stringent. 

Development  of  a  variety  of  lubricating  oils  with  a  broad 
range  of  properties  produced  by  introduction  of  special  additives 
is  of  enormous  Importance  for  effective  use  of  existing  Internal 
combustion  engines. 

Different  types  of  synthetic  additives  that  improve  the  vis¬ 
cosity-temperature  characteristics  of  lubricating  oils.  Increase 
their  lubrlcetlng  properties,  and  permit  their  use  under  extremely 
varied  environmental-temperature  conditions  have  recently  come  in¬ 
to  wide  use.  Many  types  of  additives  are  known  to  be  effective 
antioxidants  and  corrosion  inhibitors. 

Some  additives  combine  a  number  of  very  Important  operational 
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properties  and  can  therefore  be  regarded  as  multipurpose  [1]. 

Investigations  begun  at  the  AzNII  NP  imeni  Kuybysheva  [Azer- 
baydzhan  Scientific  Research  Institute  of  Petroleum  Refining  imeni 
Kuybysheva]  [2-i*]  in  1953  and  subsequently  continued  by  the  INKhP 
AN  AzbSSR  [Institute  of  the  Petrochemical  Industry,  Academy  of 
Sciences,  Azerbaydzhan  SSR],  VNII  NP  [All-Union  Scientific  Research 
Institute  of  Petroleum  and  Uas  Refining  and  Production  of  Artifi¬ 
cial  Liquid  Fuels],  and  a  number  of  other  scientific  research  in¬ 
stitutes  working  on  the  development  and  application  of  oils  and 
additives  for  modern  engine  building  showed  that  introduction  of 
new  high- efficiency  oils  with  multipurpose  additives  into  the  na¬ 
tion?]  •  )my  provides  an  increase  in  transport  productivity,  a 
subs  .antiai  decrease  in  operating  costs,  and  a  decrease  in  speci¬ 
fic  chemical  expenditure  per  unit  transport  work. 

In  a  number  of  cases,  work  on  the  main  trends  in  engine  de¬ 
sign  (use  of  fuel  injection,  development  of  short-stroke  engines, 
increased  compression,  use  of  new  high-efficiency  bearing  mater¬ 
ials,  etc.)  has  been  substantially  hampered  by  the  quality  of  the 
oils  and  additives  used  in  internal  combustion  engines.  In  defin¬ 
ing  the  general  problems  confronting  automobile  builders  and  the 
petroleum  and  chemical  industries  with  respect  to  development  of 
effective  oils.  Prof.  K.S.  Ramayya  [5]  stated; 

"General  economics  and  available  resources  dictate  the  use 
of  mineral  oils  as  the  main  raw  material  for  production  of  auto¬ 
mobile  oils  far  into  the  future.  However,  mineral  oils  must  un¬ 
dergo  extensive  processing,  which  consists  in  purification  and 
in  compounding  by  addition  of  synthetic  additives. 

Compounded  automobile  lubricants  should  be  developed  on  the 
basis  of  investigation  of  their  physlcomechanlcal,  physicochemical, 
and  chemical  properties.  Just  as  alloys  for  the  automobile  and 
aviation  industries  are  developed.  Production  of  compounded  lubri¬ 
cants  requires  close  cooperation  among  the  automobile,  petroleum, 
and  chemical  industries." 

The  best  direction  to  take  in  developing  a  variety  of  additive- 
containing  motor  oils  that  will  satisfy  the  more  stringent  require¬ 
ments  ot  modern  engine  building  must,  however,  be  determined  both 
by  thcrojgh  investigation  of  the  properties  of  additive-containing 
oils  ctnd  by  careful  study  of  the  conditions  under  which  these  oils 
function  in  engines  and  of  the  operational  characteristics  of  dif¬ 
ferent  types  of  engines  in  various  areaj  of  industry  and  transport. 

The  research  and  tests  cn  motor  oils  and  oil  additives  whose 
results  are  given  in  this  monograph  were  performed  at  the  Tcst-Ex- 
perlmental  Station  of  the  Institute  of  Additive  Chemistry,  Academy 
of  Sciences,  Azerbaydzhan  SSR;  G.A.  Zeynalova,  K.I.  Sadykov,  and 
Sh.A.  Mkhitaryan  participated  in  the  work,  under  the  supervision 
of  Academician  A.M.  Kuliev  and  F.Q.  Suleymanova.  A.F.  Aslanov, 

Kh.M,  Mamedov,  K.N.  Gabel*,  M.I.  Zenevich,  N.O.  Geydarov,  V.I, 
Ansheles,  and  others  partic '.pated  in  making  the  tests  and  the 
authors  wish  to  thank  them. 
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Chapter  1 

TYPES  OF  MOTOR  OILS  AND  THEIR  APPLICATION  CONDITIONS 

Rational  development  of  a  variety  of  motor  oils  should  be 
based  on  the  follc’;xng  prerequisites. 

1.  The  properties  of  the  base  oi]  and  of  the  multipurpose 
additives  used  to  Improve  these  properties  should  increase  the 
operating  indices  of  appropriate  engines  as  efficiently  as  pos¬ 
sible  . 

2.  The  variety  of  available  motor  oils  should  conform  as 
fully  as  possible  to  the  different  operating  conditions  for  var¬ 
ious  types  of  internal  combustion  engines  [ICE]  (HBC),  as  dictated 
by  the  specific  features  of  their  use  under  different  climatic, 
highway,  industrial,  traiisport,  and  other  conditions. 

3.  The  required  operational  propert-*es  of  oils  for  ICE 
should  take  into  account  both  the  needs  of  existing  engines 

and  the  prospective  characteristics  of  future  engines.  Using  this 
as  a  basis,  the  present  chapter  considers  certain  aspects  of  the 
’^^'latlonship  between  the  properties  of  additive-containing  oils 
and  the  conditions  under  which  they  function  in  engines. 

§1.  INFLUCNCE  OF  OIL  PROPERTIES  ON  OPERATION  OF  PISTON  ICE 

The  development  of  modern  ICE  is  proceeding  both  by  im¬ 
provement  of  piston  engines  and  by  development  of  new,  economi¬ 
cal,  hlgh-eff Iclency  designs  for  pistonless  engines. 

New  types  of  gas  turbines.  Jet  engines  [JE]  (BPH),  and  rocket 
engines  have  come  into  wide  use  of  powerplants  in  modern  aviation 
and  their  use  in  surface  transport  is  being  planned.  However,  pis¬ 
ton  ICE  will  remain  the  basic  type  of  industrial  powerplant  over 
the  next  10-15  years.  In  considering  the  Influence  of  oil  proper¬ 
ties  on  engine-operation  indices,  we  will  therefore  limit  ourselves 
to  piston  ICE. 

Motor  oils  are  used  as  lubricants  for  piston  aircraft  engines, 
automobile  engines  Intended  for  different  p.irposes  (light  and  heavy 
fi?»chinery,  buses,  special  equipment,  etc.),  locomotive  engines, 
engines  f-'r  tractors  and  other  agricultural  machinery,  engines  for 
ships,  powtrolants  for  construction,  road-building,  and  other  self- 
propelled  ana  non-self-propelled  auxiliary  machines  and  units,  and 
powerplants  for  standard  and  portable  electric  generators. 
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The  main  purpose  of  these  engines  Is  to  provide  a  given  unit 
v;ith  a  powerplant  that  operates  at  the  required  performance  level, 
l.e.,  whose  torsional  moment  (torque)  is  a  uniquely  defined  func¬ 
tion  of  engine  speed  for  given  operational  conditions. 

As  is  well  known,  the  torsional  moment  of  an  ICE  (operating 
on  liquid  fuel)  is  defined  by  the  equation 


.716.2. 

n 

where  N  is  the  effective  power  (  .V- = ) ,  n  is  the  engine 
e  450-: 

speed  corresponding  to  this  power,  is  the  mean  effective  pres 
sure,  is  the  cylinder  working  volume  in  liters,  i  is  the  num¬ 
ber  of  cylinders,  and  t  Is  the  engine  stroke  coefficient. 


Replacing  p^  by  its  value. 


Pe  = 


0,0427/^.7,. 

a  Ln 


‘n,  ■ 


where  is  the  lowest  heat  value  of  the  fuel,  is  the  amount  of 

air  (kg)  theoretically  required  for  combustion  of  1  kg  of  fuel, 
is  the  specific  gravity  of  the  ambient  air,  kg/m^,  is  the  filling 
factor,  Is  the  gauge  output,  is  the  mechanical  output,  and  a 
is  the  excess-air  coefficient,  we  obtain 

Af.p  =  A  . 

tn 

where  i4  is  a  factor  constant  for  each  given  type  of  engine,  while 
the  coefficients  n^,  and  a  vary  as  a  function  of  load  and 

speed  during  engine  operation  and  change  with  the  condition  of  the 
engine  and  the  quality  of  the  oil. 

We  will  discuss  below  the  manner  in  which  the  quality  of  the 
oil  used  in  an  ICE  can  affect  its  basic  operating  indices  and  the 
possible  ways  for  improving  these  indices  through  the  quality  nf 
the  oil,  principally  by  use  of  effective  additives. 

Let  us  assume  that  a  change  in  effective  output  occurs 

during  prolonged  operation  oi  an  engine  with  a  given  additive-con¬ 
taining  oil.  Actually,  as  numerous  observations  of  ICE  operation 
under  both  test  and  operational  conditions  have  shown,  the  change 
in  as  a  function  of  crankcase-oll  quality  Is  usually  associated 
mainly  with  different  degrees  of  wear  for  the  cylinder-piston  com¬ 
ponents  and  with  formation  of  different  types  of  deposits  on  the 
pistons,  rings,  and  combustion  chambers.  As  is  well  known,  use  of  i 

multipurpose  additives  for  lubricating  oils  permits  broad  control  i 

of  both  the  wearing  of  the  main  engine  components  and  of  the  extent  i 

-  - 


and  character  of  the  various  deposits  on  the  cylinder-piston  com¬ 
ponents  . 

The  quality  of  the  addltlve-contalnlng  oil  used  In  an  engine 
thus  affects  the  Initial  effective  output  and  also  has  a  mater¬ 
ial  Influence  on  Its  variation  during  prolonged  engine  operation. 

Let  us  use  the  following  symbols ; 

n”  Is  the  effective  output  of  the  beginning  of  engine  opera¬ 
tion  for  a  given  type  of  addltlve-contalnlng  oil  and; 

Jc 

bg  Is  the  effective  output  at  the  end  of  a  given  operational 

period  for  a  given  type  of  addltlve-contalnlng  oil,  determined  from 
the  operation  time  or  the  number  of  kilometers  traveled  by  the  auto¬ 
mobile.  The  relative  change  In  effective  output  over  a  given  engine- 
operation  period  can  then  be  characterized  by  the  Tc  tlo 


Let  us  call  this  the  efficiency-change  coefficient. 

As  Is  well  known,  Tie  =  TjiTj*,  while  =  and  , 

Wu  ^1. 


where  A  =  , 

Po 

Is  the  average  pressure  loss, and 

Tq  and  Pq  are  the  absolute  temperature  and  pressure  of  the 
ambient  air. 


Tne  expression  for  can  then  be  written  In  the  following 

form: 

-  ^(Pi  —  Pr) 

//.  nl.  ■ 

)c 

Hence  we  obtain  the  following  expressions  for  the  values  of  n.  and 


A(p:-p'i)  Ain't -p*) 

T),  «  , 


V  Ir  Ic 

where  n^,  p^,  and  pj  are  the  values  of  the  volumetric  efficiency, 

average  pressure  loss,  and  average  gauge  oreasure  at  the  end  of 
the  operation  period  In  question,  while  n”,  p^,  and  pj  are  the 

values  of  the  same  quantities  at  the  beginning  of  the  operation 
perlo*!,  with  a  given  addltlve-contalnlng  oil. 
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The  magnitude  of  the  efficiency-change  coefficient  is  then 
defined  by  the  following  relationship: 


The  volumetric  efficiency  equation  used  in  ICE  theory  has  the 
form  [6] 


[^  («*  -  A!  +  1)  -  ^1 . 

To  *(?-!)  po  PoJ 


where  Tn/TL  is  the  ratio  of  the  ambient-air  temperature  to  the 
charge  temperature  during  intake  into  the  cylinder, 

Po/Pq  is  the  ratio  of  the  gas  pressure  in  the  cylinder  dur¬ 
ing  intake  to  the  ambient-air  pressure, 

Pp  is  the  residual-gas  pressure, 

k  «  ®p/^v  heat-capacity  ratio,  and 

£  ic  the  compression. 

We  can  transform  this  equation  and  write  it  in  the  following 

form: 


As  previously,  tne  superscript  k  in  the  resultant  expressions 
represent  the  values  of  the  Indices  in  question  at  the  end  of  the 
operation  period,  while  the  superscripts  n  represent  these  Indices 
at  the  beginning  of  the  operation  period.” 

Substituting  the  values  found  for  and  t,;|  into  the  formula 

for  the  efficiency-change  coefficient  A,  and  making  certain  transfor¬ 
mations,  we  obtain: 

H  aa  (.^1  '***  Pt)  \P*  ""  P‘)  I  •  Ml 

where 

1 

c,  . .  . 

’  A(t-l) 
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Let  us  assume  that  the  ratio  p„/pa  ^  given  engine  design 

r  ci 

can  be  regarded  as  comparatively  constant.  We  can  then  write  the 
expression  for  k,\  in  the  following  form: 

where 


Then,  taking  into  accou»jt  the  foregoing  and  assuming  that  o{|a«J,  we 
ultimately  obtain: 


where 


p”T'o^  {p*  -  Pt) 

py'o^if^: - P”)  ' 

K  =  k.  Aj, 


or 


k 

‘  n*  ’ 

Pk 

y  _ 

i  ‘r 

*  OH 

Pi  Pt 


Pi 


■Pt 


since  it  is  obvious  that  the  change  in  the  coefficient  has  a 

direct  influence  on  the  variation  in  specific  fuel  consumption,  we 
have  thus  established  that  there  is  a  relationship  between  possible 
changes  in  the  values  of  the  factors  in  the  formula  for  *,  (since 

such  changes  can  be  associated  with  changes  in  oil  quality)  and  the 
economy  of  engine  operation. 

In  considering  certain  problems  In  the  theoretical  development 
of  requirements  to  be  Imposed  on  the  operational  properties  of  oil 
for  ICE,  I. I.  El’ovlch  [7]  found  the  following  function  that  expres¬ 
ses  the  relationship  between  engine  economy  and  operating  parameters, 
the  latter  belrg  characterized  principally  by  the  degree  of  cylinder 
working-volume  compression  during  the  Intake,  compression,  and  ex¬ 
haust  strokes  and  by  the  change  in  thermal  state  and  in  a  number  of 
factors  associated  with  heat  transfer  at  the  working  surfaces  of  the 
cylinder-piston  components; 


vhiTi- 


? 

(  — 


f,  IP.-C.Cpr-P.)] 
CiPt—P,  -t  Pi-Pt 

-  1  1  \«  / 

.  <>32 /y, 

1.985/.o‘-7'.  ’ 

_ _ \  _ 
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where  p  is  the  pressure  at  the  end  of  compression, 
p  is  the  degree  of  preliminary  expansion,  and 
X  is  the  pressure-rise  coefficient. 

The  working-volume  compression  changes  during  engine  operation, 
as  a  result  of  wearing  of  the  piston  rings,  changes  in  their  mobil¬ 
ity,  and  wearing  of  the  pistons,  piston  grooves,  and  cylinder 
sleeves.  Wear  resistance,  which  depends  to  a  large  extent  on  oil 
quality,  is  thus  directly  related  to  possible  changes  in  ICE  econ¬ 
omy. 


M.M.  Khrushchov  [8]  proposed  the  so-called  "integral  method" 
for  evaluating  the  wearing  of  machine  components;  in  this  procedure, 
the  wear  Is  estimated  from  the  change  in  certain  operational  func¬ 
tions  of  a  component  or  of  the  group  of  -components  forming  the  unit 
under  consideration. 

Using  the  "Integral  method"  as  a  basis,  one  criterion  of  the 
permissible  wearing  rate  for  the  cylinder-piston  components  of  an 
ICE  and  hence  the  corresponding  antiwear  efficiency  of  the  oil  used 
is  the  quality  of  cylinder  compression,  which  is  indirectly  deter¬ 
mined  from  the  volume  of  gas  blown  by  from  the  conbustlon  chamber. 

Thr  average  engine-wear  rate  I  is  related  to  the  average  gauge 
pressure  and  the  average  piston  speed  by  the  formula 

/  —  Api  Cm, 

where  is  a  constant  that  depends  on  the  individual  characteristics 
of  the  engine  and  the  over-all  antiwear  efficiency  of  the  lubricating 
oil. 


When  experimental  data  are  available,  the  values  of  N  and  M  can 
be  used  to  determine  the  improvement  in  lubricatlng-oil  antiwear 
properties  necessary  for  supercharging  of  an  ICE. 

As  an  example,  let  us  calculate  the  necessary  relative  increase 
in  over-all  lubrlcating-oll  antiwear  efficiency  for  engines  of  the 
Yaroslavl  Automobile  Plant  [YaAZ]  (flA3)  [7]. 

It  has  been  found  experimentally  that  .v  ■  2  and  Af  »  2/3  for 
these  engines.  When  a  YaAZ-20M  engine  is  supercharged  to  150  hp  at 
2100  r/mln  or  a  YaAZ-206  engine  is  supercharged  to  225  hp,  the 
average  effective  pressure  rises  from  6,35  to  7.25  kg/cnr  ana  the 
average  piston  speed  from  8.5  to  8.9  m/s.  Assuming  that  the  en¬ 
gine  service  life  must  be  maintained  at  its  previous  level,  a  new 
crankcase  oil  whose  total  antiwear  efficiency  4,  must  exceed  the 
initial  efficiency  4^^  is  required  for  lubrication. 

Given  the  condition  ■  J2»  which  corresponds  to  maintenance 
of  engine  service  life  at  a  constant  level,  we  obtain: 

i-ensr 
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or  =  1.9^  Ay 

Research  conducted  at  the  AzNII  NP  [Azerbaydzhan  Scientific 
Research  Institute  of  Petroleum  Refining]  has  shown  that  such  an 
over-all  anticorrosion-efficiency  ratio  is  characteristic  of  die¬ 
sel  oils  containing  the  additives  AzNII»4  and  AzNII-7  [9]* 

Experiments  conducted  for  comparative  evaluation  of  the  effec¬ 
tiveness  of  other  multipurpose  additives  synthesized  and  tested  at 
the  AzNII  NP  imeni  Kuybysheva  [Azerbaydzhan  Scientific  Research 
Institute  of  Petroleum  Refining  imeni  Kuybysheva]  and  later  at  the 
INKhP  AN  Azerbaydzhan  SSR  [Institute  of  the  Petrochemical  Industry, 
Academy  of  Sciences,  Azerbaydzhan  SSR],  showed  that  there  are  sub¬ 
stantial  opportunities  for  reducing  the  wear  of  the  principal  en¬ 
gine  components  and  thus  prolonging  their  service  lives  [10], 

Increasing  Engine  Service  Life 

The  problem  of  increasing  engine  service  life  currently  facing 
Sovle!;  machine  building  is  associated  to  a  large  extent  with  selec¬ 
tion  of  motor  oils  that  will  reduce  the  wearing  of  the  main  engine 
components . 

It  is  thus  required  that 

/. :  /,  /,  =  JH,. 

where  D  (H)  is  the  durability. 

It  is  now  possible  to  obtain  a  value  of  1.3-1. 5  for  D  and  it 
is  assumed  that  it  will  be  raised  to  2  in  the  near  future. 

Under  these  conditions,  we  will  have,  for  example,  ^2  **  2.68 

jn  the  case  discussed  above.  There  consequently  arises  the  problem 
of  obtaining  antiwear-efficiency  ratios  ^or  the  multlpui’pose  addi¬ 
tives  used  as  compounding  agents  for  motor  oils  such  that  the  effi¬ 
ciency  of  the  new  additives  exceeds  that  of  existing  additives  by 
a  factor  of  2-3. 

The  results  of  a  comparative  evaluation  of  the  antiwear  effi¬ 
ciency  of  current  additives,  which  were  obtained  by  numerous  stand 
and  operational  tests,  have  shown  that  it  is  practically  possible 
to  prolong  service  life  by  reducing  wear. 

It  must  be  kept  in  mind,  however,  that  the  problem  of  prolong¬ 
ing  engine  service  life  involves  factors  other  than  the  wearing  of 
the  main  components.  The  economic  indices  of  engine  operation,  par¬ 
ticularly  the  specific  fuel  consumption  have  a  considerable  in¬ 
fluence  on  maintenance  of  engine  operability  and  hence  on  service 
life.  The  operative  Soviet  State  Standard  (USSR  GOST)  491-55  for 
automobile  and  tractor  engines  permits  a  variation  of  no  more  than 
5'4  in  gy 

The  influence  of  the  quality  of  the  lubricating  oil  used  in 
an  engine  on  the  change  in  its  e^^onomic  indices  was  analyzed  above. 
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It  was  pointed  out  that  engine  economy  Is  affected  by  the  variation 
In  the  gas-pressure  ratio  In  the  cylinder  during  Intake,  the  charge- 
temperature  ratio  during  Intake,  which  Is  governed  principally  by  the 
volumetric  efficiency,  and  the  average  pressure  loss  due  to  friction. 
As  operational  experience  has  shown,  all  these  Indices  are  closely 
related  to  the  quality  of  the  oil  used  to  lubricate  the  engine. 

According  to  the  data  of  certain  authors  [11,  12],  the  de¬ 
crease  In  effective  functional  Indices  observed  during  operation 
of  automobile  engines  and  resulting,  for  example,  solely  from  forma¬ 
tion  of  carbon  deposits  ranges  from  3  to  l4jS. 

The  limits  of  the  variation  In  average  effective  Indices  de¬ 
pend  to  a  substantial  extent  on  the  type  of  engine  and  the  operat¬ 
ing  conditions. 

In  analyzing  the  distribution  of  losses  associated  with  forma¬ 
tion  of  carbon  deposits  in  an  engine.  It  has  been  hypothesized  that 
2/3  of  these  losses  are  due  to  the  reduction  In  the  filling  factor 
resulting  from  the  decrease  In  air  delivery  caused  by  the  reduction 
In  combustion-chamber  volume  and  the  Increase  In  Tq.  The  remaining 

losses  are  associated  with  the  decrease  In  thermal  efficiency.  Oil 
quality  may  affect  the  change  In  the  filling  factor  in  the  follow¬ 
ing  manner.  When  the  pressure  of  the  air  or  fuel-air  mixture  Is  re¬ 
duced  during  Intake,  the  work  of  expansion  goes  to  create  a  velocity 
head  and  to  overcome  the  resistance  in  the  Intake  channel.  The  lat¬ 
ter  Is  obviously  composed  of  the  frictional  losses  and  (in 

the  lines  and  valves)  and  of  local  losses. 

As  Is  well  known,  the  rilling  factor  is  defined  in  the  follow¬ 
ing  manner: 


Tot(Pt-p,) 

Po  (*-  l)7'u 


wh*r«  Pq  i 


i,oo3^.r. 


288*  K, 


while  the  ratio  of  the  Initial  and  final  values  of  and  Is : 

tvH  _  (PtH  -  Pit,)  7*ok  ^ 

'(>«  (Pn  —  Pf)  T ON 

where  JTq  Is  vhe  temperature  of  the  charge  heated  by  the  cylinder 
walls,  the  ideal  case  (with  the  filling  factor  equaling 
the  volume  coefficient)  obviously  occurring  at  ■  Tq, 

Is  the  pressure  at  the  end  of  the  Intake  stroke,  and 

Is  the  counterpressure. 

Let  us  represent  the  value  of  p^^  In  the  following  manner: 

P»  “To  — kg.^cm*  . 

The  value  of  can  be  determined  from  the  Bernoulli  equation. 
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If  we  consider  charge  intake  into  the  cylinder  to  be  a  steady-state 
process 


v/here 


Y  Is  the  specific  gravity  of  the  charge, 

C  is  the  local-loss  coefficient  for  the  Intake  system, 
8  is  the  piston  travel, 

F  is  the  piston  area, 
n  is  the  engine  speed,  and 

is  the  through  valve  cross-section. 

Then: 


//2 

2s  7k  Uo/  ' 


2g  ft  Uo  j  \d. 


With  a  constant  cylinder  size,  the  losses  Ap^  are  proportlon- 

a],  to  the  square  of  the  engine  speed  and  Inversely  proportional  to 
the  square  of  the  through  valve  cross-section. 


The  values  of  — — 


are  from  1/12  to  1/8  at  <  6.5  m/s,  1/9 


to  1/6  at  6.5  <  Cjjj  <  10,  and  1/6  to  1/^.5  at  <5^^^  >  10. 

With  moderate  airflow  speeds  through  the  inlet  valves  ■ 

=  30-70  ra/s),  the  pressure  at  the  end  of  the  Intake  stroke  for  a 
four-stroke  engine  is  roughly  p^  =  (0.85  +  0.90)  p^  kg/cm^  without 

injection  and  p  *  (0.92  +  0.66)  with  injection,  where  p^^  is  the 
injection  pressure. 


In  two-stroke  engines,  p  is  less  than  the  receiver  pressure 

a 

Pj^  by  an  amount  equal  to  the  hydraulic  losses  in  the  blow-off  sys¬ 
tem.  These  losses  are  directly  related  to  oil  quality  in  some  types 
of  engines. 


The  principal  factor  associated  with  oil  quality  that  has  a 
direct  effect  on  the  losses  Ap^^  is  the  change  in  the  loss  coeffi¬ 
cients  Xj^,  X^,  and  as  can  be  seen  from  the  formula  above. 

The  coefficients  of  the  losses  due  to  friction  are  known  to 
be  governed  by  the  relative  wall  roughness.  The  greater  roughness 
of  an  uneven  carbon  deposit  will  therefore  cause  greater  losses. 
Finally,  the  change  in  the  relative  active  intake-system  cross- 
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section  caused  by  deposits,  which  are  usually  associated 

with  oil  quality,  also  cause  considerable  losses. 

Losses  due  to  friction  or  local  resistance  and  changes  In  ac¬ 
tive  cross-section,  which  are  governed  by  the  number  and  character 
of  the  carbon  deposits,  are  undoubtedly  directly  related  both  to 
the  quality  of  the  base  oil  used  and  to  the  type  of  fuel. 

It  can  also  be  seen  from  the  formula  .'.efining  the  relative 
change  In  volumetric  efficiency  that  this  change  affects  the  charge 
temperature.  The  heating  of  the  air  or  fuel-air  mixture  by  the  com¬ 
ponent  surfaces  raises  this  temperature  during  Intake. 

The  temperature  of  the  piston  face,  cylinder  wall,  and  cylinder 
head  has  a  particularly  strong  effect  on  the  observed  rise  in  T^. 

M.M.  Maslennikov  and  M.S.  Rapplport  cite  data  Indicating  that  the 
average  rise  In  the  temperature  of  fresh  fuel-air  mixture  is  30- 
60°C  [13] •  The  heating  of  the  mixture  therefore  decreases  when 
there  are  fewer  deposits  of  tars  and  carbon  on  the  cylinder-piston 
components . 

The  quality  of  the  oil  used,  which  has  a  direct  influence  on 
the  decrease  In  pressure  during  Intake  and  on  the  rise  in  mixture 
temperature,  thus  reduces  the  specific  gravity  of  the  mixture,  the 
weight  of  the  charge,  and  hence  the  admission. 

Influence  of  Motor-011  Quality  on  Losses  Due  to  Friction 

As  was  pointed  out  above,  the  change  in  engine-operating  effi¬ 
ciency  is  affected  by  the  ratio  of  the  final  and  initial  values  of 
the  average  pressure  losses  due  to  friction.  This  pressure  loss  or 
the  power  loss  equivalent  to  it  Includes  both  losses  associated 
directly  with  the  friction  of  the  moving  parts  of  the  engine  and 
those  associated  with  power  consumption  in  driving  auxiliary  units. 

Experimental  determination  of  the  power  loss  due  to  friction 
Involves  substantial  difficulties. 

Determination  of  this  power  as  the  difference  between  the  gauge 
power  and  the  effective  power  results  in  large  errors,  since  the 
gauge  power  Is  determined  to  within  2-355  and  the  effective  power  to 
within  1-2/t. 

Since  the  power  loss  due  to  friction  has  a  substantially  small¬ 
er  absolute  value,  the  relative  error  in  its  determination  can  reach 
3055. 

Vansheydt  [1^1  gives  the  following  data  on  the  relationship 
of  the  losses  due  to  friction  In  an  Internal  combustion  engine 
[ICE]  (HBC): 

Type  of  Loss  Percent  of  Power 

Ring  friction 

Bearing  friction 
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55-65 

35-'45 


According  to  the  data  of  M.M.  Maslennikov  and  M.S.  Rapplport 
[13],  the  distribution  of  mechanical  power  losses  In  an  engine  can 
be  characterized  in  the  following  manner: 


Type  of  loss 

Percent  of  power 

Losses,  due  to  friction 

piston  assemb'iy 

45-65 

bearings 

5-10 

auxiliary  units 

10-15 

Power  losses  in  drive  and  pump  lines 

In  distribution  mechanism 

5-10 

in  auxiliary  units 

5-10 

pump  lines 

10-15 

As  can  be  seen  from  the  data  given  above,  a  substantial  por¬ 
tion  of  the  losses  result  from  the  friction  of  the  piston  assembly 
on  the  cylinder  wall.  The  average  pressure  loss  Is  therefore 

directly  related  to  the  viscosity  of  the  lubricating  oil.  The  lat¬ 
ter  varies  as  a  function  of  engine  operating  temperature  and  of  the 
change  In  the  chemical  structure  of  the  oil  hydrocarbons  during  pro¬ 
longed  operation.  Two  processes  occur  simultaneously  at  moderate  and 
high  temperatures:  a  reversible  change  In  viscosity  with  temperature 
and  an  Irreversible  change  In  viscosity  caused  by  oxidation  of  the 
oil  (or  depolymerization  when  thickened  oils  are  used).  A  reversible 
change  In  viscosity  Is  the  main  process  at  low  temperatures.  The 
character  of  the  change  In  viscosity  Is  especially  complex  when 
thickened  oils  are  used. 

As  has  already  been  pointed  out,  tht.  average  pressure  loss  Is 
affected  by  the  losses  In  driving  auxiliary  units  and  by  pump  losses 
as  well  as  by  losses  due  to  friction.  Changes  in  the  quality  of  the 
oil  used  In  the  engine,  principally  through  oxidation,  which  leads 
to  deposition  of  carbon  and  tars  on  the  combust Ion- chamber  walls, 
can  also  be  largely  responsible  for  losses  of  the  former  type.  For 
example,  carbon  deposits  on  the  combustion-chamber  walls  cause  a 
change  In  compression  ratio. 

There  is  a  relationship  that  defines  the  relative  change  In 
power  loss  due  to  friction  at  different  compression  ratios  [13]: 

JYi  =.  8.5 

>Vt,  »o  +  8.5  ’ 

where  N^,  Is  the  power  loss  due  to  friction  at  a  compression  ratio  e, 
and 


Nf,  is  the  power  loss  due  to  friction  at  a  compression  ratio 

0  Eq. 


Data  are  also  available  [13]  on  the  Influence  of  the  pressure 
and  temperature  of  the  incoming  air  on  the  power  loss  due  to  fric¬ 
tion;  as  was  shown  above,  the  change  in  these  factors  is  related 
to  the  quality  of  the  lubricating  oil  used  in  the  engine. 


-  13  - 


However,  the  viscosity  of  the  lubricating  oil,  which  varies 
with  the  complex  engine  operating  conditions,  and,  even  more  im¬ 
portant,  its  viscosity  index  undoubtedly  have  a  special  Influence 
on  the  average  pressure  losses  due  to  friction. 

Numerous  investigations  conducted  at  the  INKhP  AN  Azerbaydzhan 
SSR,  a  number  of  other  Soviet  scientific  research  institutes,  and 
abroad  have  shown  that  introduction  of  additives  such  as  antioxi¬ 
dants  is  exceptionally  effective  in  reducing  the  increase  in  oil 
viscosity  that  usually  results  from  the  oxidation  of  oil  hydrocar¬ 
bons  occurring  at  high  temperatures.  The  change  in  oil  structure 
caused  by  oxidation  has  an  especially  severe  effect  on  viscosity 
during  operation  at  low  temperatures,  where  formation  of  carbon 
deposits  and  sludge  produces  both  undesirable  additional  losses  and 
even  greater  disruptions  of  the  conditions  under  which  the  lubrica¬ 
tion  system  and  the  engine  as  a  whole  operates. 

The  character  of  the  additives  employed  also  has  a  material 
Influence  on  the  change  in  the  viscosity  index  of  the  oil. 

According  to  Walter,  the  dependence  of  oil  viscosity  on  temp¬ 
erature  can  be  expressed  in  the  following  manner: 

lg(Ig(l00v-t-0,8)]-/  +  filgr, 
where  A  and  B  are  constants, 

T  is  the  absolute  temperature,  and 
V  Is  the  kinematic  viscosity  (in  St). 

In  addition  to  the  commonly  employed  additives  of  the  thicken¬ 
ing  type,  which  make  it  possible  to  obtain  favorable  initial-oil 
viscosity  indices,  it  must  be  pointed  out  that  additives  can  prov¬ 
ide  stability  of  the  constants  A  and  B  in  Walter's  equation  for  oils 
Jn  prolonged  service. 

The  stabilizing  Influence  of  various  additives  on  the  depoly- 
.uci'lzatlon  resistance  of  thickened  oils  was  described  by  Ye.G. 

^><  iiienldo  et  al.  [1^].  Thus,  additives  have  been  found  to  permit 
id  regulation  of  the  variation  in  oil  viscosity  during  service 
u  engines. 

The  experimental  data  given  below  on  the  influence  of  lubrl- 
.ttlng-oll  viscosity  on  the  losses  due  to  friction  enable  us  to 
r  a<^.e  a  quantitative  characterization  of  the  efficiency  of  tech- 
tUques  for  stabilizing  oil  viscosity  with  the  aid  of  multipurpose 
■  ''dltlves . 

I.S.  Khvoshchev's  empirical  formula  [15],  which  he  derived 
om  the  results  of  experiments  on  diesel  automobile  engines,  has 
'he  form: 

PT*0.2-r  !,31  kg/cm*. 
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where  Is  the  average  pressure  loss  due  to  friction, 
n  Is  the  engine  speed,  and 

T)  is  the  dynamic  viscosity  of  the  oil  (in  poises). 

This  relationship  has  been  verified  experimentally  for  tempera¬ 
tures  down  to  — 5°C. 

In  investigating  the  maximum  pressure  loss  due  to  friction 
p.  during  the  starting  of  four-:?troke  diesel  engines  as  a  func- 

u  IilaX 

tion  of  lubrlcatlng-oll  viscosity,  M.L.  Minkin  [l6]  used  the  experi¬ 
mental  data  of  various  authors  as  a  basis  for  recommending  the  fol¬ 
lowing  relationship: 


Pim4x  =  1,9  kg/cm*  , 

2 

where  Vq  is  the  kinematic  viscosity  in  St  (cm  /s).  Using  the  results 

of  experiments  conducted  with  a  two-stroke  GMC  engine,  the  same 
author  obtained  the  following  expression  for  the  maximum  pressure 
loss  due  to  friction  p^.  during  starting  as  a  function  of  oil 
viscosity: 

Pi  IBM  =1,24/7  kg/cm*., 

Investigations  conducted  by  M.M,  Likhachev  and  Yu.iM.  Galkin 
[17]  yielded  curves  representing  the  average  pressure  loss  due  to 
friction  as  function  of  crankshaft  speed  with  the  engine  in 

different  thermal  states.  At  temperatures  of  about  10-20®C,  p^  rises 

in  direct  proportion  to  crankshaft  speed.  Two  segments  are  observed 
in  the  curves  below  this  temperature:  falls  as  engine  speed  is 

Increased  to  20-60  rpm  and  then  either  remains  almost  constant  (at 
t  *  69.5®)  or  increases  in  direct  proportion  to  engine  speed.  A 
sharp  rise  in  p^  (to  9-10  kg/cm^)  at  low  engine  speed  (ll0-80  rpm) 

is  observed  at  temperatures  of  about  0°  or  below.  The  further  in¬ 
crease  in  p.  is  less  abrupt  and  there  may  even  be  an  inflection  in 
the  curve  (at  t  ■  —  7.5°  and  •— 12.5°C)  in  some  cases.  M.L.  Minkin 
[16]  attributes  the  rise  in  average  pressure  loss  due  to  friction 
with  increasing  engine  speed  to  the  Increase  in  the  shear  resistance 
of  Individual  layers  of  the  oil  film  as  the  relative  friction-sur¬ 
face  speed  rises. 

Hence  it  can  be  assumed  that  the  boundary  properties  of  the 
lubricating  layers  adsorbed  on  the  friction  surfaces,  which  are 
known  to  be  regulable  within  wide  limits  through  the  properties 
of  the  additives  employed,  also  affect  the  loss  due  to  friction. 

52.  ANALYSIS  OF  OPERATING  CONDITIONS  FOR  PRINCIPAL  TYPES  OF  PISTON 
ICE  UNDER  DIFFERENT  SERVICE  CONDITIONS 

Automobile  Engines 

Even  under  ordinary  highway  conditions,  automobile  operation 
is  characterized  by  quite  frequent  fluctuation  of  varying  loads 
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as  a  result  of  the  different  amounts  of  power  consumed  In  overcom¬ 
ing  resistance  to  motion.  The  operating  regime  of  an  automobile  en¬ 
gine  Is  still  further  complicated  by  frequent  starts,  stops,  and 
acceleration.  On  the  other  hand,  the  design  of  engines  Intended  for 
automobile  (especially  light  vehicles)  should  provide  maximum  power 
and  economy  with  minimum  size  and  weight,  which  subjects  such  en¬ 
gines  to  severe  stresses  and  thus  makes  them  particularly  suscep¬ 
tible  to  abruptly  varying  operating  regimes. 


Fig.  1.  Oscillogram  of  torque  of  automobile 
engine.  1)  Tor  ue,  kg/m;  2)  s. 


Figure  1  shows  a  torque  oscillogram  characteristic  of  a  mas¬ 
sive  automobile  engine  [18],  demonstrating  how  abruptly  the  torque 
varies  over  short  time  intervals. 

The  different  conditions  under  which  trucks  are  used  results 
In  nonuniform  loading  of  the  engine  over  Its  total  operating  time. 

Ye.S.  Kuznetsov,  who  investigated  the  operating  regimes  of 
the  ZIL  [3MJ1]  automobile  during  summer  and  winter  service,  estab¬ 
lished  that  the  operating-time  distribution  was  characterized  by 
the  following  data; 

Operating-time  distribution  Index  Operating  time, 

per  cent 


56-45 

25-32 

19-23 


28-31 

20-24 

52-46 


Length  of  loaded  trip,  km 
up  to  20 
from  20  to  25 
more  than 

Average  speed,  km/h 
15-20 
20-25 
25-30 


As  experience  In  the  operation  of  automobile  engines  with  olio. 
of  different  types  (with  and  without  multipurpose  additives)  has 
shown  [19],  especially  high  requirements  are  Imposed  on  the  operat¬ 
ing  properties  of  crankcase  oil  used  for  engine  lubrication  In 
winter  transport.  This  Is  particularly  true  of  the  engines  of  light 
automobiles  and  buses,  which  operate  with  frequent  start;-  and  stops 
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The  results  of  numerous  investigations  have  shown  that  piston 
and  cylinder  wear  is  accelerated  by  a  factor  of  more  than  three  as 
a  result  of  fuel  condensation  and  disruption  of  the  lubrication  re¬ 
gime  when  the  engine  temperatu’’-  regime  Is  reduced  from  96  tc  35®C. 
Water  vapor,  which  condenses  at  low  temperatures,  promotes  formation 
of  emulsions,  deposits,  and  sludge,  thus  causing  increased  wear. 

Low-temperature  automobile-engine  operating  conditions  thus 
create  great  obstacles  to  normal  functioning. 

Under  normal  engine-operating  conditions,  the  requirements  im¬ 
posed  on  lubrlcating-oll  quality  are  made  up  of  a  number  of  charac¬ 
teristics  associated  with  design  factors,  which  are  discussed  below. 

1.  With  the  high  compression  ratios  obtained  in  modern  carbure¬ 
tor-equipped  engines  (vp  to  10-12),  there  is  a  great  increase  in 
engine  sensitivity  to  the  number  of  deposits  in  the  combustion  cham¬ 
ber.  The  amount  of  gas  blown  by  into  the  crankcase  increases,  thus 
promoting  rapid  "aging”  of  the  oil. 

2.  The  Increased  pressures  and  temperatures  in  modern  automo¬ 
bile  engines  are  accompanied  by  a  decrease  in  lubrication-system 
capacity.  Thus,  according  to  some  data  [11],  the  lubrication-system 
capacity  is  reduced  from  5-5.5  to  4.5  quarts  when  the  combustion 
temperature  is  raised  from  2700  to  4000°P,  This  entails  a  rise  in 
crankcase-oil  temperature.  According  to  American  researchers  [12], 
the  average  cll  temperature  in  automobile-engine  crankcases  in¬ 
creased  by  SO'’?  between  1946  and  1956,  while,  according  to  George’s 
data,  an  increase  of  20°F  in  oil  temperature  doubles  the  oil-oxlda- 
tlon  rate  when  aeration  occurs. 

3.  The  conditions  for  formation  of  acidic  compounds  character¬ 
istic  of  automobile-engine  operation  cause  rapid  corrosion  of  bear¬ 
ing  alloys. 

Automobile-engine  operating  conditions  at  moderate,  high,  and 
low  ambient-air  temperatures  impose  special  requirements  on  the 
viscosity  indices  of  automobile  oils,  this  factor  to  a  large  ex¬ 
tent  governing  the  economy  of  engine  operation. 

According  to  data  obtained  at  the  VNIIAT  [All-Union  Scienti¬ 
fic  Research  Institute  of  Automobile  Transport]  [19,  20],  the  power 
loss  at  a  temperature  of  2°  is  45-50JI,  while  only  20S  of  the  gauge 
power  is  effectively  used  to  create  traction  at  the  automobile’s 
dri’'e  wheels  at  lower  temperatures  (-12®). 

Tractor  Engines 

Tractor  engines  are  used  primarily  during  the  spring  and  sum¬ 
mer  and  their  loading  rate  is  substantiallj  lower  during  the  fall 
and  winter.  Other  characteristic  features  of  tractor-engine  opera¬ 
tion  that  serve  to  distinguish  their  loading  conditions  from  those 
for,  for  example,  automobile  engines  are  associated  with  the  charac¬ 
teristics  of  tractor  use  in  different  types  of  agricultural  work 
and  are  due  to  the  quite  pronounced  nonsteady  loading. 
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V.N.  Boltlnskly  [21]  pointed  out  the  following  principal  re¬ 
gimes  for  tractor-engine  operation: 

Idling  during  starts,  brief  stops,  and  changes  In  operating 
regime,  where  the  engine  Is  running  at  minimum  speed; 

idling  at  maximum  speed,  as  governed  by  the  regulator,  before 
full  loading  with  an  agricultural  Implement; 

different  speed  regimes  involving  complete  or  partial  loading 
of  the  tractor  engine,  both  In  carrying  out  various  agricultural 
operations  and  under  minimum  load  with  the  tractor  Idling  (In  per¬ 
forming  various  types  of  agricultural  work,  the  load  on  the  trac¬ 
tor  engine  is  usually  85-9535  of  the  nominal  load,  while  the  idle 
load  for  a  moving  tractor  Is  15-^5?  of  the  nominal  load); 

overloading  of  the  tractor  engine,  which  is  characterized  ty 
reduced  power  with  full  fuel  delivery. 

The  substantial  fluctuations  in  loading  and  the  conjunction 
of  frequently  alternated  regimes  thus  enable  us  to  characterize 
tractor-engine  operation  as  occurring  under  nonsteady  loading.  Thus, 
according  to  the  data  of  V.N.  Boltlnskly,  the  degree  of  nonuniformity 
of  the  moment  of  engine  resistance  during  plowing  can  reach  0.3-0. 4, 
while  the  average  moment  of  resistance  can  vary  by  35-^035  .  Fluctua¬ 
tions  of  tK  ts  magnitude  occur  when  there  is  nonuniform  delivery 
during  threshing,  when  moving  ove-  broken  terrain,  and  in  other 
cases . 

In  a  special  Investigation  devoted  to  tractor-engine  operation 
under  nonsteady  loads,  V.N.  Boltlnskly  [21]  made  a  thorough  analy- 
:^is  of  the  conditions  leading  to  various  fluctuations  in  engine- 
operating  regimes  as  a  function  of  external  factors  and  established 
a  number  of  criteria  that  enable  us  to  characterize  the  influence 
of  nonsteady  loading  on  the  parameters  of  tractor-engine  operation. 

The  moment  of  resistance  at  a  tractor-engine  shaft  during  lin¬ 
ear  tractor  movement  Is  expressed  by  the  following  sum: 

/Me  ==  /M,  .M,,,  T  A’,  Afo  + 

where  M  is  the  total  moment  of  resistance, 
s  * 

Is  the  moment  of  resistance  to  roll, 

W  „  Is  the  moment  of  drawbar  resistance, 
pr  * 

W  Is  the  moment  of  resistance  during  supercharged  hoist 
operation, 

is  the  moment  of  resistance  due  to  inertial  forces,  and 
is  the  moment  of  resistance  due  to  frictional  forces. 

The  degree  of  rionunlformlty  is  one  Index  characterizing  trac¬ 
tor-engine  operation  under  nonsteady  loads. 
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The  degree  of  nonuniformity  of  each  of  the  components  of  the 
moment  of  resistance  6  Is  determined  from  the  expression: 


S _  ^m»x  —  ^mln 

where  and  are  the  maximum,  minimum  and  average  values 

max*  min*  sr  *  ” 

of  the  component  in  question  respectively. 

In  addition  to  the  degree  of  nonuniformity,  the  variation  in 
the  components  making  up  the  moment  of  resistance  is  also  affected 
by  the  period  of  the  variation  in  a  given  component. 

Both  the  magnitude  and  duration  of  deviations  from  the  average 
moment  of  resistance  have  a  material  influence  on  tractor-engine 
operation.  This  effect  is  especially  pronounced  at  loads  close  to 
the  rated  load. 

The  actual  deviations  of  the  components  of  the  moment  of  re¬ 
sistance  from  their  average  long-term  values  are  characterized  by 
the  coefficient  of  possible  rise  in  a  given  component  of  the  moment 
of  engine  resistance  or  by  the  coefficient  of  possible  engine  over¬ 
loading  during  performance  of  a  given  agricultural  operation: 

_  Afc  fp,  mil 

Mcxp.  ' 

where  v  is  the  coefficient  of  possible  rise  in  a  given  component 
of  the  moment  of  engine  resistance  or  the  coefficient 
of  overloading, 

M  is  the  average  temporarily  elevated  component  of 

*  the  engine  resistance,  and 

M  is  tne  average  long-term  value  of  the  component  of  the 
^  ‘  moment  of  engine  resistance  in  question. 

A  general  analysis  of  the  factors  responsible  for  the  differ¬ 
ent  types  of  variation  in  the  components  of  the  moment  of  tractor- 
engine  resistance  enables  us  to  give  the  approximate  values  in  Ta¬ 
ble  1  for  the  parameters  governing  nonsteady  tractor-engine  oper¬ 
ating  regimes. 

As  can  be  seen  from  the  data  in  this  table,  the  variation  in 
engine-operation  regimes  resulting  from  various  operational  and 
other  causes  are  associated  with  many  variables  that  generally 
have  random  values.  Combinations  of  random  values  naturally  do  not 
have  the  character  of  regular  phenomena.  It  is  quite  possible  that 
the  over-all  nonuniformity  is  eliminated  under  certain  conditions, 
when  deviations  of  opposite  sign  occur  simultaneously.  However, 
there  can  also  be  cases  where  the  maximum  values  of  the  components 
of  the  moment  of  resistance  coincide.  The  nonuniformity  can  be  as¬ 
sumed  to  range  up  to  0.4,  while  the  coefficient  of  possible  over¬ 
loading  is  no  more  than  1,5.  V.N.  Boltlnskly  suggested  that,  in 
first  approximation,  the  varying  moment  of  resistance  be  represent¬ 
ed  by  the  periodic  function: 
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TABLE  1 


Tractor-Engine  Operating  Regime  with  Dllferent  Com¬ 
ponents  of  Moment  of  Resistance 
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1 
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1.0 
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0.2  -0,4  i 

5- 2, .5, 1 

J, 34-1.4 

An  14 
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0,05-0,5 

14—2 

1  6  MoaoTiiAKa 
^  ^npHueii 

0,03-0,22 

0,07-0,5  1 

14—2 

0,06—0,40 

0,04-0,2  : 

2,5-5  ' 

1)  Component  of  moment 

of  resistance; 

2)  Degree  of  nonunl- 

formlty; 

3)  Variation  period; 
Variation  frequency; 

5)  Overload  coefficient; 

6)  Moment  of  resistance 

to  tractor  movement; 

7)  Wheel; 

8)  Track; 


9)  Moment  of  resistance  of 

agricultural  machinery; 

10)  Plow; 

11)  Harrow; 

12)  Seeder; 

13)  Combine; 

1^)  Motor-driven; 

15)  Undrlven; 

16)  Thresher; 

17)  Wagon; 

18)  Up  to. 


Mkx,  ~  vWk  1 1  -'r  ~  sin  niti,  j 
anvi  .U,,,  =  AIk 


where  and  are  fi'actlons  of  the  maximum  possible  period 

of  variation  In  the  moment  of  resistance  within  which  the  quantl 
ties  and  are  determined,  while  m  =  2TT/r  where  T  Is  the 

period  of  variation  In  the  moment  of  resistance,  which  changes 
with  the  character  of  the  work  done  by  the  tractor  and  the  equip 
ment  It  pulls. 

Tractor-engine  operation  under  winter  ccidltlons  Is  charac¬ 
terized  by  comparatively  low  loads. 

S.A.  Chernov  and  Ya.I.  Kuvshlnov  [22]  give  data  on  the  re¬ 
sults  of  observations  of  the  operation  of  caterpillar  tractors 
during  winter  (Table  2);  these;  data  show  that  25-50<  of  engine- 
operation  time  Is  in  Idle  and  15-38)1  under  light  loads. 
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TABLE  2 

Data  on  Tractor  Loading  During  Winter 


1  i 

Bha  pafiOTu 
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1)  Type  of  work;  7) 

2)  Per-shlft  loading, 

tractor  moving;  8) 

3)  Loaded;  9) 

4)  Unloaded; 

5)  Engine  operation  with 

tractor  stationary; 

6)  Agricultural  work; 


Construction  and 
leveling; 

Wood  skidding; 
Wood  hauling. 


As  has  baen  pointed  out,  both  rapid  wear  of  cylinder-piston 
components  and  rapid  aging  of  the  crankcase  oil,  which  leads  to 
formation  of  more  deposits  and  sludge,  occur  at  low  ambient  temp¬ 
eratures  . 

Ship  Engines 

Operating  conditions  for  ship  engines  differ  materially  from 
those  for  land-transport  diesels. 

Under  normal  conditions,  operation  of  ship  powerplants  does 
not  usually  Involve  abrupt  changes  In  load  or  speed.  In  most  cases 
(except  for  light  vessels),  the  diesels  of  both  main  and  auxiliary 
powerplanti?  operate  under  conditions  where  they  are  not  subject  to 
any  substantial  variations  In  ambient-air  temperature,  while  the 
air  contains  no  contamination  in  the  form  of  ab:-aslve  particles  that 
might  enter  the  engine  together  with  dust.  From  this  standpoint,  the 
operating  conditions  for  ship  diesels  are  substantially  better  than 
those  for  land-transport  engines.  However,  there  are  also  certain 
specific  features  that  complicate  these  conditions,  principally  the 
danger  of  high  air  humidity,  which  is  especially  detrlme.ital  to  en¬ 
gines  operating  cn  fuel  with  a  high  sulfur  content. 

Operating  conditions  for  engines  In  rlverboats  are  complicated 
by  the  more  severe  running  conditions  [23].  Engine  overloads  are 
more  frequent  and  their  duration  often  exceeds  the  permissible  le¬ 
vel.  Ship  opei*atlon  In  shallow  water  or  In  canals  Is  associated 


with  an  increase  in  resistance  to  movement,  which  also  promotes  en¬ 
gine  overloads  and  leads  to  an  Increase  in  thermal  stresses  and  to 
a  decrease  in  the  durability  of  the  cylinder-piston  components. 

The  most  typical  temperatures  for  the  cooling  water  leaving 
the  engine  are  55-65°  for  closed  systems  and  il0-il5°  for  through- 
flow  systems  [23].  Such  temperatures  are  in  themselves  quite  un¬ 
favorable  from  the  standpoint  of  wearing  of  the  cylinder-piston 
components,  especially  when  the  engine  operates  on  heavy  fuels  with 
a  high  sulfur  content,  and  are  lower  than  the  recommended  operation 
temperatures , 

According  to  the  data  of  N.M.  Renskll  [23],  the  temperature  of 
the  cooling  water  leaving  the  engine  for  D-48,  6L  275  and  other  en¬ 
gines  with  closed  cooling  systems  should  be  held  between  70  and  75° C 
when  the  engine  is  operating  at  its  rated  power  and  under  partial 
loads.  For  through-flow  systems,  this  temperature  should  be  50-55°C. 

Supply  conditions  for  marine  powerplants  using  engines  with 
compressive  ignition  create  the  problem  of  developing  the  smallest 
possible  number  of  types  of  oils  for  the  great  variety  of  diesel 
engines  used  in  ships.  In  this  connection,  it  can  be  assumed  that 
use  of  highest-quallty  oils  providing  good  operational  reliability 
and  life  for  marine  powerplants,  longer  oil  service  life,  and  small¬ 
er  expenditures  for  repair  and  dipping  can  compensate  for  any  pos¬ 
sible  rise  in  oil  cost. 

A  detailed  technical-economic  analysis  of  this  situation  should 
take  into  account  the  operation  of  a  number  of  factors,  prime  among 
which  are  the  type  of  engine  used,  the  oil  consumption  in  changes 
made  at  different  Intervals  and  resulting  from  the  altered  degree 
of  oil  burning  caused  by  the  Improvement  in  cylinder-piston  operat¬ 
ing  conditions,  and  the  optimum  variety  of  oils  to  be  used. 

Locomotive  Engines 

Two-  and  four-stroke  engines  with  compressive  ignition  used 
as  powerplants  for  locomotives  operate  in  a  manner  similar  to  the 
marine  powerplants  considered  above  and  are  not  subject  to  abrupt 
changes  in  load  or  speed. 

The  coefficients  of  resistance  to  motion  are  minimal  when  mod¬ 
ern  technical  facilities  are  employed  in  railway  transport.  Through- 
train  locomotives  do  not  make  frequent  starts  and  stops  and  their 
powerplants  therefore  operate  for  longer  periods  under  steady-state 
load  and  speed  regimes.  In  contrast  to  marine  diesels,  their  work¬ 
ing  conditions  are  characterized  by  higher  cooling-water  and  lub- 
ricating-oil  temperatures. 

§3.  PROMISING  'ICE'  TYPES  AND  ALLOTMENT 

The  makeup  of  the  present  ICE  fleet  and  the  prospects  for  its 
development  are  to  a  substantial  extent  governed  by  the  directions 
taken  in  the  development  of  agricultural  and  industrial  machinery 
and  of  transportation  facilities  in  which  given  types  of  ICE*s  are 
used  as  powerplants. 
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Most  current  ICE’s  are  automobile  and  tractor  engines,  which 
account  for  about  8o?  of  the  total  power  of  powerplants  using  such 
engines.  Using  this  as  a  basis,  let  us  consider  the  main  trends 
and  directions  in  contemporary  automobile  and  tractor  design  In  the 
USSR  and  perspective  types  of  ICE’o  for  use  In  these  vehicles. 

Automob  lies 

Trucks.  Trucks  predominate  In  the  Soviet  automobile  fleet. 

This  characteristic  of  the  makeip  of  the  Soviet  fleet  essentially 
distinguishes  it  from  the  makev'p  of  the  world  fleet.  About  77-7% 
of  Soviet  motor  vehicles  are  trucks,  while  they  account  for  only 
22%  of  the  world  fleet. 

The  developmental  features  of  the  Soviet  national  economy, 
both  during  the  first  five  year  plans  and  at  present,  have  made 
the  developm.ent  of  truck  production  a  task  of  prime  Importance. 

The  truck  fleet  of  the  USSR  is  dominated  by  vehicles  of  mod¬ 
erate  carrying  capacity  (from  2  to  5  t):  these  accounted  for  92.2% 
of  the  fleet  in  1958  and  about  80?  in  1965.  The  proportion  of  light 
trucks  (less  than  2  t)  Is  about  iOjJ.  On  the  basis  of  the  needs  of 
the  Soviet  national  economy,  the  number  of  trucks  with  carrying 
capacities  of  less  than  2  t  should  be  no  less  than  30$  of  the  to¬ 
tal  number  of  trucks.  The  proportion  of  such  vehicles  in  the  world 
truck  fleet  is  60-70$. 

The  followln,-':  table  compares  the  truck-fleet  makeups  for  the 
principal  capitalist  nations: 


Carrying  Capacity 

USA 

England 

FRG 

France 

Italy 

Less  than  2  t 

64.5 

59.0 

62.2 

66.2 

64.0 

From  2  to  5  t 

27 . 3 

26.9 

29.3 

21.0 

26.0 

More  chan  5  t 

8.2 

14.0 

8.5 

12.8 

10.0 

Light  trucks  thus  predominate  in  the  makeup  of  the  truck 
fleets  of  foreign  countries,  while  medium  trucks  predominate  in 
the  USSR. 

The  advantages  of  the  planned  national  economy  of  the  USSR 
perm.lt  national  centralization  of  goods  transfer  by  trucks  con¬ 
centrated  in  large  depots.  These  conditions  permit  mass  transfer 
of  large  batches  of  goods  in  trucks  with  large  carrying  capacities, 
t is  greatly  reducing  transportation  costs. 

The  trends  in  the  development  of  the  Soviet  truck  fleet  thus 
also  differ  radically  from  those  in  foreign  countries  in  this  res¬ 
pect.  As  can  be  seen  from  the  data  given  above,  the  relative  in¬ 
crease  in  the  number  of  light  trucks  has  been  less  rapid  than  that 
in  the  number  of  heavy  trucks.  In  this  connection,  the  extent  to 
which  diesels  have  been  introduced  into  the  Soviet  fleet  is  also 
higher  than  in  the  USA:  a  total  of  4$  of  the  registered  trucks  In 
the  USSR  have  engines  with  compressive  Ignition,  while  only  2.5$ 
of  the  trucks  in  the  USA  are  diesel-equipped. 
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Buses,  The  makeup  of  the  bus  fleets  in  both  the  USSR  and  for¬ 
eign  countries  Is  governed  by  the  layout  of  the  over-all  national 
transportation  system. 

The  Soviet  bus  fleet  Is  Intended  to  provide  both  municipal 
and  Interurban  transport;  both  types  of  application  are  undergoing 
dynamic  development  In  accordance  with  the  requirements  of  the  popu 
lace. 


Determination  of  bus-fleet  makeup  abroad  is  usually  dominated 
by  commercial  considerations,  as  well  as  by  the  specific  require¬ 
ments  of  the  localities  In  which  the  buses  run. 

The  features  of  the  economic  development  and  geographic  lo¬ 
cation  of  some  nations  causes  the  proportion  of  buses  In  their  over 
all  motor  vehicle  fleets  to  be  high,  as  In  the  USSR;  available  fig¬ 
ures  are  9.25?  for  India,  6.5?  for  Indonesia,  3.5^  for  Japan,  and 
about  2.4?  for  England.  The  number  of  buses  does  not  exceed  1-1.2? 
of  the  over-all  fleet  in  other  countries. 
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New  Gasoline-Engine  Models  In  the  USSR 


X 

1  5 

n 

O 

31 

• 

2  a  a 

ol 

•:  n 
«  * 

3-  * 

3 

?r 
o  c 
o  & 

0 

4 

2: 

5  1 

vb' 

o 

sT 

6 

X 

Q 

7 

npHNCMaHHC 

1 

4 

’ 

0,65-0.75  23-25 

_ 

cCncpXMajiojiMTpaiKiiMii 

2 

4 

1,22 

45 

4500 

8 

^lonuti  MajiOAHTpaiKiibiii 

3 

6V 

2.5 

05 

4?on 

19 

— 

1  o.Bojira*.  rA3-62,  rA3-56 

6V 

83 

3600 

— 

4 

6V 

3,75 

no 

3800 

25 

100X80 

1  IBmccto  rA.3-51 

r> 

«V 

5,0 

150 

4000 

34 

100X80 

1  am 

r. 

f.V 

5,2 

1.15 

32()0 

35 

108X95 

1  «MecTO  3MA-120 

7 

«V 

7.0 

IhO 

3200 

47 

108X95 

1  ‘AitToOycu 

HV 

6,0 

200 

4000 

.41 

108X95 

1  SH/1-111 

8V 

10 

240 

2800 

63,5 

120X110 

1)  Model  No.; 

2)  Number  of  cylinders; 

3)  Working  volume; 

4)  hp; 

5)  n,  rpm; 

6)  W,  kg-m; 

7)  Notes; 


8)  Ultralow-dlsplacement ; 

9)  New  low-displacement; 

10)  "Volga,"  GAZ-62,  GAZ-56; 

11)  Replaces  GAZ-51; 

12)  ZIL; 

13)  Replaces  ZIL~120; 

14)  Buses; 

15)  ZIL-111. 


Light  automobiles.  Expansion  of  the  llght-automoblle  fleet 
In  the  USSR  is  directed  principally  at  developing  designs  that 
will  permit  use  of  a  minimum  number  of  vehicles  to  satisfy  maxi¬ 
mum  demands  for  passenger  and  special  transport.  Private-use  auto¬ 
mobiles  are  the  most  common  type  of  light  vehicle  In  the  USSR, 
accounting  for  more  than  half  of  all  light  automobiles. 

Since  the  light  automobile  Is  not  at  present  regarded  as  a 


prime  necessity,  transportation  will  be  principally  by  taxicabs 
and  rented  light  automobiles  in  the  near  future.  According  to  the 
data  of  the  Academy  of  Municipal  Economy  RSFSR,  the  productivity 
of  taxicabs  is  twice  that  of  light  rental  automobiles  and  more  than 
12  times  that  of  private-use  automobiles. 

The  most  common  vehicles  in  the  USSR  are  low-displacement 
"Moskvlch”  automobiles,  which  account  for  about  half  the  light-auto¬ 
mobile  fleet.  Like  ultralow-dlsplacement  automobiles,  they  will  soon 
enjoy  preferential  use  as  the  vehicles  most  suited  to  operating  re¬ 
quirements  . 

The  predominance  of  models  of  the  "Volga"  class  in  the  Soviet 
taxi  fleet  is  not  Justified  by  their  actual  load  (80!t  of  taxi  trips 
were  for  1  or  2  passengers).  The  main  type  of  taxi  should  therefore 
be  based  on  low-displacement  automobiles  of  the  "Moskvich"  type. 

The  requirement  imposed  on  motor-oil  quality  by  the  "Moskvich" 
engine  are  therefore  largely  definitive  for  Soviet  light  automobiles. 

The  aforementioned  trends  in  the  development  of  the  Soviet 
automobile  fleet  to  a  substantial  extent  determine  the  prospective 
types  of  engines  that  will  be  available,  which  are  characterized  by 
the  data  In  Table  3. 

This  assortment  provides  eight  basic  models  and  two  modifica¬ 
tions  with  6  piston  diameters.  This  narrow  range  of  automobile  en¬ 
gines  differs  greatly  from  things  abroad,  where  the  commercial  situa¬ 
tion  results  in  a  mad  race  for  greater  power  and  there  may  be  several 
dozen  engine-model  changes  In  a  single  year. 

As  is  well  known,  the  high  engine  power  In  current  American 
light  automobiles  is  largely  due  to  competitive  conditions.  On  the 
other  hand,  the  Increased  power  is  also  undoubtedly  dictated  by 
the  need  to  raise  both  the  dynamic  and  economic  indices  of  the 
vehicles.  However,  these  Improvements  are  to  a  large  extent  at¬ 
tributable  to  the  specific  conditions  of  llght-automoblle  opera¬ 
tion  in  the  USA,  High  engine  power  ensures  rapid  acceleration  to 
high  speed,  which  Is  of  great  Importance  for  abrupt  starts  at  In¬ 
tersections  in  heavy  city  traffic  and  makes  it  possible  to  reach 
high  speeds  on  interurban  highways.  The  high  traffic  speeds  on 
American  highways  require  minimum  passing  time,  which  Is  also 
provided  by  high  engine  power. 

In  addition,  various  automatic  and  auxiliary  devices  (servo¬ 
mechanisms,  alr-condltloners ,  and  drive  mechanisms  for  power  win¬ 
dows  and  automatic  convertible  tops)  consume  up  to  15-20)5  of  the 
engine  power  In  some  cases. 

Finally,  the  low  cost  of  gasoline,  which  Is  cheaper  In  the 
USA  by  a  factor  of  2-3  than  in  most  Western  European  nations,  makes 
It  possible  to  use  hlgh-power  engines  In  American  light  automobiles. 

Road  conditions.  Truck  transport  of  goods  is  carried  out  over 
vast  reaches  of  the  Soviet  Union,  a  factor  that  has  a  special  ef¬ 
fect  on  highway  conditions  for  domestic  automobile  transport  and 
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to  a  considerable  extent  govern:,  the  trends  in  motor  vehicle  design. 

The  rate  of  automobile-transport  development  is  known  to  out¬ 
strip  the  rate  of  roadbuilding  in  the  USSR,  For  example,  automobile 
freight  traffic  Increased  by  a  factor  of  7.5  between  19^0  and  1958, 
while  the  total  length  of  hard-surface  roads  Increased  by  a  factor 
of  only  1.65.  According  to  the  data  of  G.V.  Zlmelev  and  L.A.  Bronsh- 
teyn  [25],  the  USSR  had  251.0  thousand  kilometers  of  hard-surfaced 
roads  in  I960,  accounting  for  18.3$  of  i;otal  highway  mileage.  Im¬ 
proved-surface  roads  (concrete,  asphalt,  and  blacktop)  accounted 
for  66.6  thousand  kilometers  or  5%  of  the  highways  In  the  USSR.  To¬ 
tal  truck  freight  traffic  is  distributed  about  equally  between  rural 
and  urban  roads,  A  substantial  amount  of  freight  traffic  associated 
with  supplying  agriculture,  Industry,  and  rural  construction,  In- 
terurban  transfer,  centralized  transport  of  commercial  products,  and 
supplying  other  specialized  industries  thus  moves  under  severe  road 
conditions,  where  the  above-cited  authors'  data  indicate  that  annual 
truck  capacity  does  not  exceed  20-25  thousand  ton-kilometers. 

Such  operating  conditions  greatly  reduce  average  speed  (by  a 
factor  of  3-5),  increase  fuel  consumption,  reduce  the  service  lives 
of  basic  automobile  assemblies,  and  ultimately  increase  transport 
costs  by  a  factor  of  2-3  over  dirt  roads  and  by  a  factor  of  5-6 
over  roadless  terrain. 

In  addition  to  the  direct  losses  that  occur  under  the  aforemen¬ 
tioned  conditions,  capital  expenditures  must  be  increased  when  the 
service  lives  of  the  main  vehicle  assemblies  are  reduced,  in  order 
to  assure  that  a  given  amount  of  freight  can  be  moved  with  the  re¬ 
quisite  number  of  registered  vehicles. 
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Fig.  2,  Statistical  torque  distribution  f(M)  on  relative  coordin¬ 
ates  under  different  running  conditions.  1)  Roadless  terrain;  2) 
dirt  road;  3)  improved  dirt  road. 


As  can  be  seen  from  the  results  obtained  by  B.V.  Gol'd  and 
Ye.M.  Obolenskly  in  processing  data  obtained  at  the  Moscow  Auto¬ 
motive  Mechanics  Institute,  the  NAMI  (HAWI)  [Central  Order  of  the 
Red  Banner  of  Labor  Scientific  Research  Automotive  and  Automotive 
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Engine  Institute],  and  t’.e  LIST  (JIHCM)  [Leningrad  Order  of  the  Red 
Banner  of  Labor  Structural  Engineering  Institute]  [24],  automobile- 
engine  operation  under  severe  running  conditions  is  characterized 
by  great  scattering  of  torque  values. 

Gol’d  and  Obolenskly  present  the  results  of  an  Investigation 
of  the  torque-dlstrlbutlon  curves  for  severe  operating  conditions. 
The  authors  considered  three  sets  of  running  conditions: 

1)  travel  over  very  poor  hard-surfaced  roads  (Improved  gravel 
roads), where  the  torque  varies  considerably  both  In  magnitude  and 
direction; 

2)  travel  over  poor  dirt  roads  and  roadless  terrain; 

3)  travel  over  unrolled  dirt  roads,  which  are  usually  encount¬ 
ered  In  rural  areas , 

Figure  2  shows  the  differential  torque-distribution  curves 
(5l  of  Wp),  taking  into  account  the  test  regimes,  which  Involve 

starting  and  shifting  [the  curves  for  f(M)  were  constructed  with 
the  Interval  hM  =  l6?]. 

Automobile  operation  under  severe  road  condlt''ons  thus  creates 
abruptly  varying  loads  on  the  engine,  making  Its  operating  regime 
approximate  the  nonsteady  tractor-engine  regime  described  above. 

T ractor  fleet 

The  makeup  of  the  Soviet  agricultural-tractor  fleet  differs 
greatly  In  different  areas  of  the  country.  Thus,  tractors  of  low 
and  medium  power  predominate  in  the  northern  and  northwestern  re¬ 
gions,  while  general-purpose  tractors  of  high  power  and  extremely 
powerful  row-crop  tractors  predominate  in  the  steppes,  with  their 
vast  cultivated  areas. 

The  data  in  Tables  4  and  5  give  a  general  Idea  of  the  distribu¬ 
tion  of  the  main  types  of  agricultural  tractors  In  the  USSR. 

In  1958,  Soviet  Industry  produced  six  basic  tractor  models 
(C-80,  ,aT-54A,  K;in-35,  MT3-5,  ilT-24M,  and  ;1T-14B)  and  six  modi¬ 
fications  (C805,  ;iT-55,  ^1-24,  M-3,  TJ3T-40,  t;it-60,  and  ]ICUJ-14). 

In  addition,  the  tractor  fleets  of  tractor  stations  [TS]  (MHC) 
and  sovkhozes  Included  various  out-of-productlon  machines:  ACXT3- 
HATM,  "Universal,"  CXT3,  etc. 

The  prospective  t, ractor  fleet  is  based  on  ten  classes  differ¬ 
ing  in  drawbar  indices. 

In  accordance  with  GOST  7057-54,  the  main  classification  index 
in  this  system  is  the  drawbar  pull  on  stubble  of  normal  dampness 
at  the  lowest  operating  speed. 

The  types  of  tractor  engines  available  are  based  on  this 
classification . 
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TABLE  4 


Tractor  Distribution  In  the  Soviet  National  Economy 


[26,  27] 


.  1 

Pecny64HKM  h  aoitu 

2  MhCAO  TpaKTJpOB,  TUC.  BA. 

5 

Va.  oec  ryce- 
HHtHMX  Tpax- 
TOPOB,  % 

j  Bccro 

B  T.  9.  ryceHHt- 
4  HUX 

% 

6  CCCP' 

1051,8 

636,3 

60,4 

^IJ  TOM  HMCje 

8|»C«PCP 

612,2 

391,4 

63,5 

fQ  TOM  <iHCiie 

9  Tcncp 

20,0 

14,6 

73,0 

1  0  CciicpC'UniA 

24.S 

13,2 

36,0 

1  Mlcnrp 

197,8 

112,3 

67.0 

1  2  lloBOjI’KKe 

38,5 

43,7 

64,0 

1 3  CcaepHuA  KasKia 

7fi,l 

40,6 

53,4 

1  **  ypaii 

813 

.  55,1 

67,4 

1  5  nan.iA'tafi  CMdKpk 

87,4 

64.2 

73.5 

1  6  I'lOCroiRan  CH6hj;& 

38,9 

29,4 

'  73,5 

1  f  /laaMHA  BOCTOK 

21,0 

15,4 

73  5 

1 8yccp 

164,h 

83.7 

5t'0 

»  9r.CCP 

19,5 

15.4 

52,3 

2  0y3(}cKCKa  CCP  , 

41,8 

13,2 

27  1 

2  UtasaxcKaA  CCP 

111,5 

853 

76,7 

2  2l  pyaHiiCKBR  CCP 

6.0 

3.7 

62,6 

2  SAaepCaAiOKaiicKai  CCP 

12.4 

6,6 

53,3 

2  '•/iHToacKaii  CCP 

13.6 

8  5 

63.0 

2  SMoaAaoCKaB  CCP 

11.6 

1  6,1 

.52  6 

2  8ji,iTnHtiCKaf  CC>’ 

iO.7 

6,0 

5.3,7  . 

2  2  iCiiprH'ici'aii  CCP 

9.5 

4.6 

48!6 

2  STaxiKMKCKaa  CCP 

7.0 

2.9 

41,5 

2  9  ApMfliiCKaa  CCP 

3.4 

2.2 

64,3 

3  oTypKMCHCiafl  CCP 

7.2 

3.0 

42,4 

3  iSCTOHClUB  CCP 

« 

7.0 

33 

493 

1)  Republics  and  areas; 

2)  Number  of  tractors, 

thousands ; 

3)  Total; 

4)  Caterpillar  tractors 

5)  Proportion  of  cater¬ 

pillar  tractors,  $; 

6)  USSR; 

7)  Including; 

8)  RSFSR; 

9)  North; 

10)  Northwest; 

11)  Center; 

12)  Povolzh'ye; 

13)  Northern  Caucasus; 

14)  Urals; 

15)  Western  Siberia; 


16)  Eastern  Siberia; 

17)  Par  East; 

18)  UkSSR; 

19)  BSSR; 

20)  Uzbek  SSR; 

21)  Kazakh  SSR; 

22)  Georgian  SSR; 

23)  Azerbaydzhan  SSR; 

24)  Lithuanian  SSR; 

25)  Moldavian  SSR; 

26)  Latvian  SSR; 

27)  Kirgiz  SSR; 

28)  Tadzhik  SSR; 

29)  Armenian  SSR; 

30)  Turkmen  SSR; 

31)  Estonian  SSR. 
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TABLE  5 

Makeup  of  Soviet  Tractor  Fleet,  by  Types  [26,  27] 
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6)  Class; 

7)  t; 

8)  Wheel; 

9)  Sum; 

10)  Row-crop  trac¬ 

tors  (general-purpose;; 

11)  Total. 


There  Is  a  trend  In  tractor  building  to  Increase  the  operat¬ 
ing  speed  of  wheel  tractors  to  9  km/h  and  that  of  caterpillar  trac¬ 
tors  to  7  km/h.  This  Is  associated  with  the  fact  that  agricultural 
machinery  Is  more  productive  at  high  speeds  and  with  the  wider  use 
of  agricultural  tractors  for  transport  In  construction  and  materials 
handling. 

The  Increase  In  engine  power  required  to  realize  these  goals 
will  be  achieved  by  raising  the  average  effective  rated-reglmc 
pressure  from  the  present  5.0-6. 1  kg/cm^  to  6-7  kg/cm2. 

Wide  use  has  been  proposed  for  air-cooled  engines,  which  have 
1  power  of  up  to  40-60  hp,  as  well  as  for  two-stroke  and  fuel-ln- 
Jectlon  engines. 

The  main  type  of  tractor  engine  In  the  USSR  at  present  Is  the 
four-stroke  engine  with  compressive  Ignition.  Table  6  shows  the 
prospective  types  of  four-stroke  tractor  diesels.  The  basic  models 
In  this  list  are  the  four-cylinder  engines  In  each  power  range. 

These  basic  models  are  the  foundation  for  one-,  two-,  and  slx-cyMn- 
der  modifications  Intended  for  various  restricted  agricultural  needs. 

Six-cylinder  engine  designs  with  powers  of  more  than  ICO  hp 
are  provided  for  reasons  of  dynamics  and  balance. 
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TABLE  6 

Perspective  Types  of  Pour-Stroke  Diesels 
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1)  Engine  class; 

2)  Intended  for  tractors  with  drawbar  pull  of,  t; 

3)  Number  of  cylinders; 

i|)  Working -volume,  liters; 

5)  Basic  technical  indices  with  different  engine 

adjustments ; 

6)  Continuous  operation  with  lOJt  overload*; 

7)  Long-term  operation  wiv.h  temporary  overload**; 

8)  Operatjon  without  overload***; 

9)  Operation  with  brief  varying  load; 

10)  hp; 

11)  «,  rpm; 

12)  Cooling; 

13)  Air; 

lA)  Air  and  water; 

15)  Water; 

16)  With  Injection. 


As  Is  wel.''.  known,  tractors  are  used  in  various  branches  of 
Industry  outside  agriculture.  They  are  employed  In  construction, 
particularly  In  setting  up  powerplants  and  hydr'oelectrlc  projects 
and  In  laying  railroad  track,  blacktops,  and  other  types  of  high¬ 
ways  . 

The  data  in  Table  7  show  that,  of  the  total  of  3,250.000  units 
required  by  tiie  liational  economy  In  1966,  most  should  go  to  satisfy 
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TABLE  7 


Tractors  Required  for  the  National  Economy  on  1 


January  196b  (Thousands  of  Physical  Units) 
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TRHaH'l 

1  4 

1,8 

0.2 

2.0 

1)  Tractor  class  and 

type; 

2)  Agriculture; 

3)  Construction; 

4)  Timber  Industry; 

5)  Others; 

6)  Total; 

7)  t  caterpillar; 

8)  General-purpose; 


9)  Wheel; 

10)  Caterpillar  roller; 

11)  Wheel  roller; 

12)  Special  agricul¬ 

tural; 

13)  Caterpillar  skid¬ 

ding; 

14)  Hlgh-power  all- 

terrain  wheel  tow. 


the  needs  of  agriculture  (2574.7  thousand  units)  and  only  I88.8 
thousand  to  construction  and  112.1  thousand  to  the  timber  Industry. 

The  Soviet  tractor  industry  is  continually  improving  the 
quality  of  Its  output.  The  UT-75  caterpillar  tractor  produced  by 
the  Volgograd  Tractor  Plant  has  a  power  25it  greater  than  Its  pred¬ 
ecessor,  the  ilT-54  tractor,  which  Is  now  the  most  widely  used  In 
agriculture.  The  Lipets  Tractor  Plant  Is  producing  a  new  general- 
purpose  wheel  tractor,  the  T-40,  which  has  an  engine  power  of  40  hp, 
as  well  as  the  MT3-50  tractor.  Tractor  engines  with  turbine  Injec¬ 
tion  promise  to  become  the  most  widely  used. 

The  following  data  characterize  the  increase  In  average  trac¬ 
tor-engine  power: 

Year  of  Production  Average  Power,  hp 

1963  ^8 

1964  53.8 

1965  58.0 

Maximum  tractor-engine  power  will  be  realized  in  a  tractor 
with  a  planned  power  of  220  hp.  However,  tractors  of  this  class 
will  account  for  less  than  IJ  of  the  total  number  In  operation. 
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Most  of  the  tractor  fleet  will  consist  of  units  of  low  and  medium 
power,  which  can  be  most  efficiently  used  in  the  continually  ex¬ 
panding  range  of  mechanized  agricultural  operations, 

§4.  BRIEF  SURVEY  OF  THE  DEVELOPMENT  OF  MOTOR-OIL  SPECIFICATIONS 

The  development  of  motor-oil  specifications  abroad  was  closely 
related  both  to  the  quality  of  the  oils  used,  which  continuously 
changed  as  the  requirements  imposed  by  progress  in  engine  building 
Increased,  and  to  oil-test  methods,  principally  for  motor  oils.  The 
latter  played  an  especially  Important  role  in  the  formulation  and 
development  of  specifications  and,  in  many  cases,  it  is  now  diffi¬ 
cult  to  establish  which  came  first,  specifications  or  motor  tests. 

This  was  reflected  in  the  unarguable  fact  that  testing  of  the 
physical,  chemical,  mechanical,  and  other  properties  of  oils  in 
various  types  of  equipment  is  meaningful  only  for  identification, 
quality  control,  and,  to  some  extent,  research.  Such  tests  do  not 
establish  actual  operating  properties,  since  the  test  conditions 
do  not  mirror  actual  conditions. 

Before  mineral  oils  were  used  in  engines,  such  procedures 
could  serve  as  a  basis  for  oil  selection,  since  they  could  be  em¬ 
ployed  to  select  a  ae^  of  basic  oil-quality  Indices  that  would 
largely  Include  the  most  Important  operating  properties.  This  was 
due  in  great  measure  to  the  fact  that,  with  the  load  and  speed  re¬ 
gimes  then  operative,  the  viscosity  index  was  the  principal  factor 
governing  the  suitability  of  a  given  oil  or  a  given  engine. 

The  more  rigid  engine-operation  conditions  in  the  nineteen- 
thirties  caused  corrosion,  increased  carbon  deposits,  ring  eeizure, 
and  other  detrimental  processes. 

Prom  the  outset,  foreign  specifications,  which  were  worked  out 
principally  in  the  USA,  aimed  at  development  of  engine-test  methods 
for  oil-quality  evaluation  that  would  make  it  possible  to  determine 
the  extent  to  which  a  given  oil  satisfied  definite  qualitative  re¬ 
quirements  . 

Work  in  this  area  in  the  USA  was  handled  by  the  Coordinated 
Research  Council  (CRC),  which  was  organized  by  the  American  Petro¬ 
leum  Institute  (API)  and  the  Society  of  Automotive  Engineers  (SAE). 
The  first  specifications,  which  were  based  on  a  series  of  engine 
tests,  were  adopted  by  the  Artillery  Command  of  the  US  Army  in 
19^1  (2-lOA,  3  September  19^1)  and  were  Intended  for  evaluation  of 
oils  operating  under  heavy-duty  conditions  (HD).  This  set  of  speci¬ 
fications  later  underwent  a  number  of  modifications  (S-lO'Jo,  9  April 
19^2  and  2-3.0^b,  6  May  19^3).  For  example,  specifications  2-lO^B  for 
HD  oils  Included  5  types  of  engine  tests: 

1)  CRC-L-1-545  (AXS-1551)  -  480-hour  tests  in  a  single-cylin¬ 
der  Caterpillar  engine,  which  evaluated  wear,  ring  seizure,  and 
carbon  deposits  on  the  main  cylinder-piston  components; 

2)  CRC-L-2-5^5  (AXS-1552)  -  a  3  hour,  20  minute  test  in  a  Ca¬ 
terpillar  engine,  which  evaluates  tar  deposits  on  the  piston  rings; 
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3)  CRC-.L-3-5'^5  (AXS-1553)  -  a  120-hour  test  In  a  1  ^ar-cylinder 
engine,  which  evaluates  oil  stability  at  high  temperatures  and  the 
corrosion  resistance  of  lead-bronze  bearings; 

4)  CRC-L-4-5^5  (AXS-1554)  -  36-hour  tests  In  a  six-cylinder 
gasoline  engine,  which  evaluate  the  oxidation  characteristics  of 
HD  oils; 

5)  CRC-L-5-545  (AXS-1555)  -  500-hour  tests  In  a  3-  or  4-cylln- 
der  General  Motors  diesel  engine,  which  evaluate  oxidation  resis¬ 
tance,  tendency  toward  ring  seizure,  carbon  deposition,  and  corro¬ 
sion. 


Experience  In  the  use  of  this  set  of  specifications  showed 
that  a  sufficiently  complete  characterization  of  oil  quality  could 
be  obtained  by  using  only  the  L-1  and  L-4  tests,  rathc-'r  than  all 
five.  On  the  basis  of  this  experience,  the  previously  effective 
2-104  B  specifications  were  succeeded  by  the  rew  military  specifi¬ 
cations  USA  MIL-.  2104  (4  August  1950). 

Another  difference  in  the  new  specifications  was  the  fact 
that  the  quality  of  the  oil  required  for  the  L-1  engine  test  (no 
more  than  0.4$  sulfur)  was  changed(to  no  less  thrn  0.35$  sulfur). 

The  specifications  used  by  the  British  army  and  navy  were 
also  based  on  the  2-104B  speciflca, Ions  and  stipulated  the  proper¬ 
ties  of  the  following  types  of  oil;  OE-IO-HD,  OE-30-HD,  and  CE-50- 
HD. 

Later  changes  In  the  American  specifications  (MIL-0-2;. 04A, 
February  1954)  were  similar  to  the  changes  in  the  British  specifi¬ 
cations  (DEF-2101A,  July  1953).  The  DEF-2101B  specifications  (30 
September  1957)  excluded  viscoslty-lndex  improvers  and  limited  the 
depressant  content  to  1.5$.  Use  of  depressants  that  simultaneously 
serve  as  viscoslty-lndex  Improvers  was  permitted. 

Supplement  I  oils  are  Intended  for  engines  running  on  fuel 
with  a  sulfur  content  of  more  than  1$.  The  properties  of  these 
oils  should  be  higher  than  those  specified  by  MIL-0-2l0‘-.  Exper¬ 
ience  In  the  use  of  these  oils  and  a  broad  special  correlative 
program  that  preceded  establishment  of  specifications  showed  that 
the  required  properties  were  provided  by  oils  that  passed  the  L-1 
test  when  fuels  containing  1$  sulfur  were  employed. 

The  subsequent  development  of  the  American  specifications 
was  associated  with  the  fact  that  sore  supercharged  engines  with 
compressive  Ignition  operating  on  fuels  with  hlgli  sulfur  contents 
were  not  satisfactorily  lubricated  by  oils  that  pas-icd  the  MIL-0- 
2104a  and  Supplement  I  tests  when  operating  conditions  were  severe. 

It  was  established  that  an  oil  met  the  specifications  for 
Series  2  if  It  passed  a  480-hour  test  in  a  supercharged  single- 
cylinder  diesel  by  the  "I-D  Test"  method  (operating  on  a  I'u--]  con¬ 
taining  1$  sulfur). 

In  1955,  the  Caterpillar  Corp.  raised  the  specifications  for 
Series  2  oil  quality. 
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TABLE  8 

Test  Procedures  for  Series  3  Oils 
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H3II0C  OTJIO- 
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H3HOC,  orao- 
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2  4 
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2  5 

1  ®  OUCHOMBOC  Hcnu- 

M1L-L-2104A 

Superior  lubrl- 

5uperlor  lubrl- 

MIL-L.2104A 

TatiHe  aai  cneuH- 

2  6  (ClUA) 

cants 

cants 

DEF  2I01B 

itiHKaUHA 
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2  7  (AHraHB) 
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Suppl 

Series-2 

Series-d 

Series-3 

15:496-1955 
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1)  Index;  2)  Test  procedure  and  engine;  3)  Caterpillar  1-A,  CRC 
L-1  AXS-i551,  single-cylinder  Caterpillar  diesel;  4)Caterpillar 
1-D,  single-cylinder  Caterpillar  diesel  with  fuel  injection;  5) 
Caterpillar  1-G,  single-cylinder  Caterpillar  diesel  with  fuel  in¬ 
jection;  6)  AXS-155^  CRC  L-4,  six-cylinder  Chevrolet  gasoline  en¬ 
gine;  7)  Bore  and  stroke.  Inches;  8)  speed,  rpm;  9)  experiment 
duration,  h;  10)  oil  temperature,  °P;  11)  water  or  coolant),  temp¬ 
erature,  °F;  12)  at  discharge;  13)  at  Intake;  1^)  Intake  pressure, 
mm  Hg;  15)  power,  hp;  l6)  fuel;  17)  indices  evaluated;  l8)  test 
for  specifications;  19)  less  than;  20)  min;  21)  atmospheric;  22) 
abs;  23)  S  ■  0.31,  S  no  less  than  1>  for  Supplement  I;  24)  ring 
seizure,  wear,  and  carbon  deposition;  25)  oxidation  and  bearing 
corrosion;  26)  USA;  27)  England. 


On  the  basis  of  a  broad  correlative  program  that  included 
laboratory  investigations  and  field  tests  of  high-supercharged 
short-stroke  six-cylinder  engines,  the  Caterpillar  Corp.  set  up 
requirements  for  Improved  Series  2  oils.  These  requirements  in¬ 
cluded  430-hour  tests  in  the  new  Caterpillar  engine,  using  a  fuel 
with  a  high  sulfur  content.  The  amount  of  additives  in  these  oils 
was  almost  double  that  in  oils  satisfying  the  requirements  of  the 
Series  2  specif  1  .'itlons ,  ranging  from  15  to  251. 
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TABLE  9  CONTINUED 


TABLE  9  CONTINUED 
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Kry  to  Table  Q 


L)  Country; 

2)  Specifications; 

3)  Specification  designation; 

4)  Specialized  tests; 

5)  Summary  of  speclflcaton  tests; 

6)  Corresponding  specifications  for  engines; 

7)  USA; 

8)  Artillery; 

9)  All  services; 

10)  Caterpillar; 

11)  Replaced  by  Chevrolet  K-4; 

12)  Evaluation  of  detergent  properties  in  diesel  engine; 

13)  Evaluation  of  oxidation  and  corrosion  of  lead-bronze  bearings; 

1^)  Chevrolet; 

15)  Evaluation  of  detergent  properties  in  fuel-injected  engine; 

16)  Evaluation  of  oxidation  and  bearing  corrosion; 

17)  Evaluation  of  detergent  and  dispersion  properties  of  oil 

under  low-temperature  conditions; 

18)  Low-temperature  test; 

19 J  'Test  in  development; 

20)  Federal  method  340-T-Caterpillai'  1-D; 

21)  Modified; 

22)  Federal  method  3^1“T-Caterplllar ; 

23)  Chevrolet  L-4  test; 

24)  Navy; 

25)  Class; 

26)  Caterpillar  L-1,  MIL-P-17271  specifications; 

27)  GM-75,  MIL-P-17269  specifications; 

28)  GM-71,  MIL-P-17270  specifications,  for  oil  9005  only; 

29)  GM-71,  MIL-P-17273  specifications; 

30)  Caterpillar  L-1,  MIL-P-17271  specifications,  modified; 

31)  The  same  as  for  MIL-L-9000A,  Class  A®,  but  Caterpillar  L-1 

test  conducted  without  oil  change; 

32)  Great  Britain; 

33)  Army; 

34)  Fetter; 

35)  Admiralty; 

36)  Belgium; 

37)  Navy; 

38)  FRG. 

Still  more  stringent  requirements  on  oil  quality  were  Imposed 
by  the  Caterpillar  Corp.  in  1956,  when  It  was  found  that  oils  that 
satisfied  the  Improved  Series  2  specifications  did  not  perform 
satisfactorily  under  certain  operating  conditions. 

The  new  requirements,  which  were  designated  as  Superior  Lubri¬ 
cant  -  Series  3,  provided  for  tests  by  the  1-D  and  1-G  methods, 
as  can  be  seen  from  Table  8. 

Current  1  nternat I ona  i  spec i t i cations  for  evaluating  motor-oii  quality 

Most  ICE  oils  currently  being  produced  abroad  satisfy  the 
I'ollowint.'  basic  specifications  for  quality: 
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Military,  including  the  Army  and  Navy  specifications  in  the 
USA,  the  War  Ministry  and  Admiralty  in  Great  Britain,  and  the  arm¬ 
ies  and  navies  cf  most  European  countries  (France,  Belgium,  etc.); 

the  Caterpillar  Corp.,  which  stipulate  oil  quality  for  trac¬ 
tor  engines  operating  under  severe  conditions  (fuel  injection,  use 
of  fuels  with  high  sulfur  contents,  etc,); 

the  API,  IP,  UK,  and  European  Council  classifications. 

Table  9  gives  a  brief  summary  of  these  specifications. 

Since  the  operations  of  the  Caterpillar  Corp.  had  a  considerable 
influence  on  the  development  of  specifications  in  the  USA,  we  will 
briefly  consider  the  special  requirements  Imposed  by  this  company, 
which  are  widely  employed  in  the  USA. 

The  high-speed  tractor  diesels  produced  by  the  Caterpillar 
Corp,,  which  have  fuel  injection  and  operate  on  fuels  with  high 
sulfur  contents,  use  oils  whose  properties  satisfy  the  Series  2 
and  Series  3  specifications. 

Evaluation  of  Series  2  oils  is  carried  out  by  the  Caterpillar 
1-D  engine-test  method,  using  a  fuel  containing  1%  sulfur.  Series 
3  oils  are  evaluated  by  the  1-D  and  1-G  methods,  using  a  fuel  con¬ 
taining  0.35!?  sulfur. 


TABLE  10 


Test  Regimes  for  Caterpillar  1-D  and  1-G  Methods 


\ 
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1)  Indices;  2)  Caterpillar  1-D  method;  3)  Caterpillar  1-G  method; 

4)  Cylinder  diameter.  Inches;  5)  model  number  of  unit  tested;  6) 
experiment  duration,  h;  7)  speed,  rpm;  8)  load,  effective  hp;  9) 
sulfur  content  of  fuel,  %\  10)  coolant  temperature,  °C;  11)  at 
discharge;  12)  at  Intake;  13)  temperature  of  oil  supplied  for  bear¬ 
ing  lubrication,  ®C;  14)  temperature  of  air  supplied  to  eiigine,  ®C; 
15)  amount  of  oil,  kg;  l6)  oil  pressure,  kg/cm^;  17)  injection  pres¬ 
sure,  Inches  of  mercury;  l8)  5-10®C  lower  than  at  discharge. 

Table  10  briefly  summarizes  the  engine-test  regimes. 
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API  Classification  of  Lubrlcatlng-Oll  Application  Conditions 

This  classification  makes  It  possible  to  establish  a  number 
of  general  features  characterizing  the  conditions  under  which  lub¬ 
ricating  oils  function  In  engines  and  to  determine  the  requirements 
that  must  be  Imposed  on  oil  quality  for  It  to  satisfy  these  condi¬ 
tions.  The  classification  does  not  stipulate  the  methods  that  should 
be  used  to  test  oils  for  given  operating  conditions. 

Three  categories  of  lubricatlng-oll  operating  conditions  for 
gasoline  engines  and  three  corresponding  categories  for  diesel  en¬ 
gines  have  been  defined:  ML,  MM,  MS,  DO,  DM,  and  DS. 

ML.  Operating  conditions  typical  of  gasoline  and  other  Inter¬ 
nal-combustion  engines  operating  under  mild  and  favorable  conditions 
The  engine  has  no  special  lubrication  requirements  or  design  fea¬ 
tures  affected  by  carbon-deposit  formation. 

MM.  Operating  conditions  typical  of  gasoline  and  other  engines 
with  spark  Ignition  used  under  operating  conditions  ranging  from 
moderate  to  severe  but  presentln  problems  In  controlling  carbon 
deposition  or  bearing  corrosion  when  crankcase-oll  temperature  Is 
high. 


MS.  Operating  conditions  typical  for  gasoline  and  other  engines 
with  spark  Ignition  used  under  unfavorable  or  severe  operating  condi¬ 
tions.  Special  requirements  are  also  imposed  on  lubricant  quality  In 
order  to  prevent  carbon  deposition,  wear,  and  bearing  corrosion. 

These  special  requirements  may  result  from  operational  conditions 
or  from  the  design  features  of  the  engine  or  may  arise  when  unfav¬ 
orable  types  of  fuel  are  used. 

HG.  Operating  conditions  typical  of  compresslve-lgnltlon  en¬ 
gines  under  any  operating  conditions  where  there  are  no  stringent 
requirements  for  wear  and  carbon  deposition  associated  with  fuel 
end  lubrlcatlng-oll  quality  or  resulting  from  design  features  In 
the  engine. 

DM.  Conditions  typical  for  compresslve-lgnltlon  engines  oper¬ 
ating  under  severe  conditions  or  on  fuels  that  Increase  wear  or 
carbon  deposition  under  normal  conditions,  but  with  design  features 
or  operating  conditions  such  that  the  engine  may  be  either  less  se¬ 
verely  affected  by  the  fuel  or  more  severely  affected  by  deposits 
produced  by  the  lubricating  oil. 

OS.  Conditions  typical  for  compresslve-lgnltlon  engines  oper¬ 
ating  under  very  severe  conditions  and  having  design  features  for 
using  fuels  that  cause  extreme  wear  and  carbon  deposition. 

MS  operating  conditions  In  the  API  classlflcatlcn  correspond 
to  high-supercharged  regimes  for  V-blook  automobile  engines. 

Engine  tests  to  determine  whether  oil  properties  satisfy  the 
special  requirements  dictated  by  the  operating  conditions  for  these 
engines  are  handled  in  accordance  with  the  so-called  ASTM  QIV  MS 
test  grades,  using  full-size  V-block  automobile  engines. 
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TABLE  11 


Summary  of  Methods  for  Evaluating  Motor-Oil  Proper¬ 
ties  by  API  Grades 
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rpa.vimiii 
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ABHrarexa 

AaHTCab* 
HOCTb,  H 
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Ouciiotiiuc  AcraxH 

1 
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(l  1 
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30 

1  2 

Kyxa'iKH  H  TOXKa- 

cpc;iiiMX  CKopocrox  aad 

xcxb  1958  r. 

TcxH  Kxatiamioro 

i 

oiiciiKH  aajiiipoo  h  h3- 

McxaiiM.iMa 

II 

7  iioca 

IliiaKOrCMiiepaTypHiac  or- 

To  )KC 

96 

ioxKarcxM  Kxanaif- 

HI 

fi  ;io>KciiHn  , 

L3 

Siioro  McxaiiHSMa 

OkHCJieHHC  ripll  UUCOKHX 

To  >MC 

36 

nOpillllH  M  KOXb- 

leMticpaTypax  I 

Iia,  KxanaiiHUM 

M  X3IIH3M,  lipo- 

IV 

sBwcokotc  MiicpaTypiiafl, 

1  6 

AcOoro.  MOAcxb 

24  ’ 

jKaMKa  Macaa 
paciipCAcaMTCjib- 

i  iia  ni.icoKtix  CKupocTOX 

1953r. 

HUH  Bax,  TOXKa* 

Hr.  1  ouchkh  aajiHpoB  h 

I 

VCflH 

v 

10  H.^iioca 

OiiciiKn  oca;tK^o')pa30i»a- 

M 

/iHifKoabH,  1957r. 

286 

1  9 

nopujciib  M  Koxbua, 

IIHD,  liaKOlIjICIlHil  licpac- 

IIXH  OAIIOIIHXIIH- 

KxaiiaHiiufi  Mcxa* 

TBOpMMhIX  lipHMCCCii, 

ApOBUH  ADHia- 

HH3M,  MacxonpM* 

:ia6MBKa  MacxunpiicM- 

Tcxb  CL1<  (rpa- 

cmhhk 

HHKOB 

A3HHB  Va) 

i 

1 

1)  Grade; 

2)  Method; 

3)  Engine; 

4)  Experiment  duration,  h; 

5)  Components  evaluated; 

6)  Low-temperature,  at  moderate  speeds,  for  evaluating 

seizing  and  wear; 

7)  Low-temperature  carbon  deposits; 

8)  High-temperature  oxidation; 

9)  High-temperature,  at  high  speeds,  for  evaluation  of 

seizing  and  wear; 

10)  Evaluation  of  carbon  deposition,  accumulation  of 

insoluble  impurities,  and  clogging  of  oil  passages 

11)  Oldsmoblle,  1958  model; 

12)  Cams  and  valve  pushrods; 

13)  The  same; 

1^ )  Val^'e  pushro  " 

15)  Pistons  and  r'’-.ir,  valves,  oil  pump; 

16)  DeSoto,  1953  mouel; 

17)  Camshaft,  pushrods; 

18)  Lincoln,  1957  model,  or  single-cyllrder  CLR  engine 

(grade  Va) ; 

19)  Pistons  and  rings,  valves,  oil  passages. 


Tables  11  and  12  give  indices  fully  characterizing  the  test 
procedures  used  to  evaluate  oil  properties  whose  specifications 
must  conform  to  given  operating  conditions. 

The  test  cycles  for  grades  I,  II,  and  III  follow  one  another 
without  an  oil  change.  The  condition  of  the  engine  is  determined 
after  the  tests  for  grade  III. 
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The  tests  for  rhe  followin.p;  two  grades  are  each  conducted 
with  fresh  oil  and  evaluations  are  made  at  the  end  of  the  appro¬ 
priate  experiments  (Table  13)* 


TABLE  12 


1  0 
:  1 
1  2 
1  3 
1  4 
1  5 


Test  Regimes  for  Grades  I,  II,  and 
Engine,  1958  Model) 

III  (Oldsmoblle 

1 

nOK.UftTCflH 

1 

II 

,  III 

CKOpOCTb,  oCImUH  I 

2500  ±20 

I500  ±20 

3400  +  20 

i  l-irpyaK.i,  Ji.  c. 

— 

25±  2 

85  ±  2 

TcMi.ep.iTypa  (  xji.  /KIijkoctm, '’C 

S  Ha  Biaxojic 

35  no  1 

1  35,0-) 

03,.33 

S  iia 

20,44  1 

1  29.44 

87,78 

T-pa  Macaa  s  KapTcpp,  “C 

46,89 

48.89 

129,44 

UiKTaD  ToiiaHBCBoaayuMioii  cmcch  I 

—  i 

16:1 

16:1 

BaiMH  CTi.  liO.flyxa,  liKi  cyxoio  BosAyxa  ; 

1 

J  8  *  ' 
lOxUN 

l.l 

M 

Harpyska  i.a  Kxai  ai  iiue  npyKHHU  1 

lipcMR  pafiuTU  A'iHiaTexii  | 

WlopiHaabHaR 

34 

36  4 

.  iipccroH  .  1 

'  50;t'UH* 

34 

— 

'lllCXO  UH»:xOB  U  MCi'UTaHMH  { 

30 

16 

1 

TonjiHBO 

BCIITII;|>  lIHil  K3pTCp<'. 


1  6  AUcjiRiiue  ipHABTpw 


I'SCepw  0,16+0,02%  ^nrc) 

2  0  3^t  jiytueHj  l^pMa.ibiin* 

2  1  OTKJiio’ieiibi  ■ 


*The  v,ater  temperature 

1)  Index; 

2)  Speed,  r/mln; 

3)  Load,  hp; 

4^  Coolant  temperature, 
°Cj 

5)  At  discharge; 

6}  At  intake; 

7)  Crankcase-oil  temp¬ 
erature  ,  _ ; 

6)  Composition  of  fuel- 

air  mixture; 

9)  Atmospheric  moisture 
content,  g/kg  dry 
air; 


is  held  at  35°C. 

10)  Valve-spring  load; 

11)  Engine  operating  time; 

12)  Engine  idle  time; 

13)  Number  of  test  cycles; 

14)  Fuel; 

15)  Crankcase  ventilation; 

16)  Oil  filters; 

17)  Normal; 

18)  Mir: 

19)  Sulfur  -  0.l6  +  0.0255 

by  weight; 

20)  Choked; 

21)  Disconnected. 


The  test  conditions  for  grade  .V  (De  Soto  engine,  1958  model 
fuel  for  test  r;ot  stipulated)  are: 

speed  -  36BO  r/mln, 
lead  —  idle. 

Water  temperature  at  discharge  —  82.22°C, 

Crankcase-oil  temperature  —  104.44'’C, 

Val'.'e-sprlng  load  —  overload, 

Engine  operating  time  —  2  h. 

Engine  Idle  time  -  2  h  with  cold-water  circulation, 

WumCer  of  test  cycles  —  6, 

Total  tert  time  —  24  h. 
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TABLE  13 


Test  Conditions  for  Grade  V  (Lincoln-Mercury  Engine, 
1957  Model) 


1 

1  2  Sraiiu  NCiiMTaiiHii 

noKasarejiH 

- 

i-(i 

2-il  j 

3-11 

SCKOpCCTb,  06IMUH 

I  4  500 

2500 

2500 

diarpyana,  s4i4)tKiHaHuc  a.  c. 

XOXOCTOtt 

105 

105 

sT-pa  BOAu  iia  ouxo.ic 

xox 

37,38-51,67 

51,67 

76,67 

^•pa  Macaa  b  Kapi'pe 

51,67 

82, i’*’ 

98,79 

X:oCT3Ba  TOliBHBOroaAyiBHOii  CMCCM 

9:1-10;) 

15:1-16:1  i 

1  15:1-16.1 

sHarpysKa  Kaai.aHuux  npy^HH 

1  fi  1  }1opMaabHa)i 

9BpeMii  paCoTH  xaHrarexa 

45  MUH  1 

2«  1 

75  MUH 

1 0  .  npocToa  , 

:  7  8  «  B  TB^eHHe  Kawxoro  24- 

1  iMmcxo  UMKjca  B  onure 

1 206ii>ee  BpcMfl  mcbutihnA 
^  TOOMia 

lacoBoro  nepHoxa 

!  388«  1 

1 1  8  .neTNxa  Mapxa  copt  .Regular* 

1)  Index; 

2)  Test  stages; 

3)  Speed,  r/min; 

4)  Load,  effective  hp; 

5)  Water  temperature 

at  discharge; 

6)  Oil  temperature  in 

crankcase; 

7)  Composition  of  fuel- 

air  mixture; 

8)  Valve-spring  load; 

9)  Engine  operating 

time; 


Engine  idle  time; 

Number  of  test  cycles; 
Total  test  time; 

Type  of  fuel; 

Idling; 

Normal; 

Min; 

8  h  in  each  2i*-h  period; 
Summer-type,  regular 
grade . 


10) 

11) 

12) 

13) 

14) 

15) 

16) 

17) 

18) 


The  British  standards  (IP)  specify  five  types  of  tests: 

1)  Caterpillar  1-A  —  IP  124/60  method,  used  for  DEF-2101B 
specifications ; 


2)  Caterpillar  1-D  -  IP  173/60  method,  used  for  Caterpillar 
Series  II  specifications; 


3)  Gardner  IL-2  —  method  174  60/T  for  evaluating  ring  seizure 
and  wear  in  diesel  engines  using  fuels  containing  l.OX  sulfur; 

4)  Potter  n.v.  I  -  method  175/60T  for  compressive-ignition 
engine j  using  fuels  with  a  sulfur  content  of  0.15-0. 45$  (method 
A)  or  0.95-1.05$  (method  B); 


5)  Fetter  W.I,  -  IF  176/50T  method  for  spark-ignition  engines, 
used  for  the  DEF-210IB  specifications. 


British  Admiralty  Specifications  for  Diesel  Engines  used  In  Marine 
Powerplants 

During  the  period  preceding  the  Second  World  War,  Ships  of  the 
British  Admiralty  used  oils  without  additives,  whose  properties 
were  specified  by  the  results  of  physicochemical  analyses. 

During  the  war,  the  navy  used  American  oils  Intended  for 
heavy-duty  conditions  HD)  in  accordance  with  the  USA  1^1-0-13 
specifications,  based  on  the  SAE-10,  20,  and  50  weights  and 
compounds,  the  SAE-30  being  the  most  satisfactory. 

During  the  postwar  period,  the  Lritlsh  OMD-111  series,  which 
was  used  until  1953,  corresponded  to  the  l^-0-13  and  l<!-0-13A  speci¬ 
fications  . 

After  195^,  the  DEF-2101  specifications  (corresponding  to  the 
American  military  standard  MIL-L-21C8)  for  land-transport  use  pro¬ 
vided  occa.-ion  for  development  of  the  Improved  OMD-llO(NS)  specifi¬ 
cations,  which  supplemented  the  OMD-110  specifications  with  a  bet¬ 
ter  oil  test  under  L-1  experimental  conditions,  using  a  fuel  con¬ 
taining  1%  sulfur.  This  intermediate  specification  was  later  re¬ 
placed  by  two  new  sets  of  specifications,  which  established  two 
different  oil-quality  levels:  for  normal  conditions  and  for  super¬ 
charged  engines  (Deltlc  type). 

Both  specifications  were  based  on  evaluations  by  the  Cater¬ 
pillar  L-1  method. 

The  new  types  of  oil  came  to  be  known  as  OMD-109  and  OMD-112 
and  met  the  requirements  specified  in  E-in-C08  (1957)  and  E-ln-C05 
(1956).  These  specifications  were  in  force  until  recently,  when  the 
Admiralty  decided  to  standardise  the  OMD-114  specifications. 

Brief  description  of  the  £-in-C  05  and  F.-in-C  08  spec  1  f  i  ca1  1  ons 

The  engine-test  methods  used  for  these  two  sets  of  specifi¬ 
cations  are  the  same  as  those  for  the  DEF  2101  B  specifications 
employed  for  series  CMD-llO.  They  include  testing  of  antioxidation 
properties,  corrosion  of  lead-bronze  bearings,  and  detergent  proper¬ 
ties.  The  first  two  factors  are  investigated  in  a  carbureted  engine 
(IP  176/60  method)  and  the  third  in  a  diesel  engine  (IP  124/60  meth¬ 
od)  . 


The  principal  difference  between  the  OMB-109  and  OMD-112  spe¬ 
cifications  on  one  hand  and  the  OMD-110  specifications  on  the  other 
lies  in  the  fact  that  a  fuel  with  a  sulfur  content  of  1)5  is  used 
in  testing  detergent  properties  in  the  diesel  engine;  in  adlitlon, 
a  definite  limiting  piston  ring  wear  is  stipulated.  The  tests  to 
evaluate  oxidation  resistance  and  lead-bron::^  corrosion  are  the 
same  as  for  OMD-110. 

The  existing  Admiralty  specifications  had  to  be  reviewed  when 
the  MIL-L-900  specifications  were  introduced  for  the  US  Navy,  these 
speclfyln'  tests  In  a  GM-71  diesel  with  2. OX  sea  water*  added  to  the 
oil  at  the  beginning  of  the  experiment,  and  when  the  MIL-L-9000D 
specifications  Oid  the  still  more  rigid  MIL-L-9000E  specifications 
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came  into  force  (March,  1959) 


TABLE  IH 

Oil  Properties  from  USA  2-104B  Specifications 
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*The  minimum  flash  point  of  SAE-50  oil  before 
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2)  Viscosity  (cSt)  at; 

3)  Viscosity  index, 
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i  XO  VJO  X  O  J  J 
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4) 

5) 
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TABLE  15 

Oil  Properties  from  W-0-196  Specifications 
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1) 

Properties ; 

3)  Oxidation  coefficient 

2) 

Viscosity  at; 

not.  above; 

3) 

From; 

Q)  Acidity,  not  above 

To; 

(mg  KCH); 

5) 

Flash  point  in  closed 

10)  Corrosion  test; 

c.’uclble,  no  less 

11)  Color,  points  on 

than  (®C); 

NPA  scale,  no  more 

6) 

Solidification  point. 

than; 

not  above  (®C); 

1?)  Pass. 

7) 

Coke  content,  not 

above  ($); 
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A  distinctive  feature  of  foreip;n  motor-oil  specifications  is 
their  Intcp.ral  rclationohip  to  test  procedures.  The  actual  oil 
properties,  determined  directly  by  physicochemical  methods  or  in¬ 
directly  through  certain  indices  characterizing  operating  proper¬ 
ties,  are  usually  stipulated  in  the  American  specifications  only 
within  the  SAE  grades.  For  example,  the  well-known  Army  Ordinance 
specifications  USA  2-104B  for  lubricating  oils  used  in  ICE’s  de¬ 
fine  the  oil  pi'operties  shown  in  Table  l4. 

The  properties  of  automobile  oils  are  stipulated  in  similar 
fashion  by  the  Federal  W-O-I66  specifications.  Six  SAE  grades  of 
automotive  lubricating  oils  are  produced  in  accordance  with  these 
specifications  (Table  15). 

The  standard  specifications  of  the  American  Maritime  Adnlnistra 
tion.  Federal  Aviation  Agency,  and  other  governmental  organizations 
use  an  arbitrary  system  of  designations  (symbols)  consisting  of 
four  figures:  the  first  figure  indicates  the  oil  class  and  the  last 
three  show  the  oil  viscosity  in  Saybolt  Universal  Seconds. 

The  oil  classes  are  as  follows:  1)  high-grade  mineral  lubricat¬ 
ing  oils  with  high  viscosity  indices;  2)  oils  with  low  viscosity 
Indices;  3)  automotive  oils  with  medium  viscosity  indices;  4)  mixed 
marina  ells;  5)  mineral  marine  oils;  6-8)  mixed  oils  for  steam  en¬ 
gines  and  air  compressors. 

The  rated  viscosities  of  oils  in  classes  2  and  8  ai  0  for  a 
temperature  of  5^.4°C,  while  those  of  the  other  oils  are  for  a 
temperature  of  93.9®C. 

The  specifications  described  above  stipulate  the  following 
basic  Indices,  which  are  determined  either  by  ASTM  methods  or  by 
nonstandard  procedures:  1)  color  155-35T);  2)  content  of  miner¬ 
al  acids  ani  alkalies;  acidity  (H  138-27T);  4)  residual  asphalt 
(;i  91-41);  5)  content  of  elemental  sulfur  or  other  corrosive  com¬ 
pounds;  6)  water  content;  7)  coke  content  by  Conradson's  method 
(H  189-39);  8)  ash  content;  9)  sulfur  content  (H  129-39);  10)  den¬ 
sity  (H  287-39);  11)  flash  point  (JX  92-33);  12)  turbidity  and  solid¬ 
ification  points  (.Q  97-39);  13)  viscosity;  l4)  viscosity  index  by 
Din  and  Davis’s  method;  15)  test  for  emulsion  formation  by  agita¬ 
tion  in  distilled  water  and  in  1!?  salt  solution  at  54.4°C;  I6)  de¬ 
termination  of  "working  factor,"  which  characterl-^.es  oil  stability 
at  working  temperatures,  in  accordance  with  the  Federal  USA  W-L-791 
specifications . 

Individual  companies  specify  the  properties  of  their  oils  in 
olni.i  iar  f'lr-hlon. 

Classification  of  motor  oils  in  the  USSR 

The  variety  of  oils  available  in  the  USSR  was  to  a  large  ex¬ 
tent  built  up  without  any  unified  system.  A  classification  syutem 
for  ICE  oils  v/as  proposed  in  1963  [28,  29].  The  authors  of  this 
cjasslflcatlon  base  it  on  tlie  prospective  development  of  engine 
Luildlnr  In  tlie  USSR  and  took  Into  account  foreign  experience  and 
th.e  variety  of  motor  oils  being  produced.  They  concluded  that 
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”A  rational  motor-oil  classification  must  be  baaed  on  oil  function¬ 
al  properties  satisfying  the  requirements  of  different  groups  of 
engines  classified  by  severity  of  operating  conditions"  [28j. 

It  was  suggested  that  existing  and  prospective  engines  be 
divided  Into  six  groups  on  the  basis  of  thermal  and  mechanical 
stresses : 

1.  Old-model  carbureted  engines. 

2.  Current  and  prospective  carbureted  engines, 

3.  Old-model  tractor  diesels. 

4.  Current  and  prospective  tractor,  automobile,  and  certain 
marine  diesels  operating  on  fuels  with  sulfur  contents  of  less 
than  11. 


5.  Current  and  prospective  locomotive  and  special  marine  die¬ 
sels  operating  on  fuels  with  sulfur  contents  below  lj{. 

6.  Lubricator-equipped  marine  engines  operating  on  heavy 
fuels  with  sulfur  contents  below  3>. 

Despite  certain  shortcomings,  this  classification  creates  a 
preliminary  basis  for  developing  groups  of  oils  corresponding  to 
engine  operating  conditions. 

It  Is  recommended  that  the  viscosity  grades  in  the  new  range 
of  oils  be  based  on  engine  design  features  (clearances,  specific 
loads,  and  speed),  climatic  conditions,  and  equipment-storage  con¬ 
ditions  . 

A  second  prerequisite  for  development  of  a  motor -oil  classi¬ 
fication  system  Is  grouping  of  oils  by  viscosity.  It  Is  assumed 
that  oil  applications  permit  establishment  of  the  following  series 
of  oil  types  (with  viscosities  in  cSt  at  100®C)  for  different  en¬ 
gine  classifications:  automobile  engines  —  6,  8,  and  10,  tractor 
engines  -  8,  10,  12,  marine  and  stationary  engines  -  10,  12,  14, 
and  20,  tank  engines  -  8  and  16,  aircraft  engines  —  20,  and  loco¬ 
motive  engines  -  12,  l4,  and  20. 

The  proposed  motor-oil  classification  [28]  thus  divides  ICE 
lubricating  oils  Into  seven  grades  in  accordance  with  their  vis¬ 
cosity  at  100®C  (Table  l6).  These  grades  cover  the  viscosity  range 
from  6.0  to  20.0  cSt  at  2-cSt  intervals. 

The  oils  within  each  grade  are  subdivided  Into  groups  charac¬ 
terized  by  the  fact  that  they  may  contain  oils  with  different  vis¬ 
cosities  . 

The  oil  groups  are  ’Istlngulshed  by  the  severity  of  engine- 
operating  conditions  for  which  the  oils  are  intended.  The  ascending 
sequence  of  the  six  proposed  oil  groups  corresponds  to  greater  sever¬ 
ity  of  engine-operating  conditions. 

In  roughly  assigning  an  engine  to  a  given  group  of  oils,  its 
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TABLE  16 


New  Motor-Oil  Classification 


1 

Bll3KOCTb 

lipH 

106“C, 

ecm 

2 

Tpyima  A 
(THiia  Pre* 
mium) 

a 

rpynna  B 
(thii*  HD) 

4 

rpynin  n 
(Titna  Sup* 
plcinent) 

S 

Ppynna  P 
(THiia  Se- 
rlcs-2) 

6 

Ppynna  A 
(THiia  Se¬ 
ries  3) 

7 

Ppynna  E 
(THtia  Mobil 
gard) 

5.0±0,5 

M-6A 

M-6B 

M-GB 

8,0  ±0,5 

M-8A 

M-8B 

M-8B 

M-8P 

M-8A 

10.0±0,'j 

M-IOA 

M-lOB 

M-lOB  • 

M-lOP 

M-IOA 

12,0±0,5 

M-I2A 

M-12B 

M-I2B 

M-I2r 

M-12A 

I4,0±0.5 

M-MA 

M-I4B 

M-I4B 

M-14r 

M-14A 

16.0±0.5 

M-IGA 

M-16B 

M-I6B 

M-IGP 

M-ieii 

M-IGE 

20,0  ±o.r 

M-20A 

M-20B 

M-20B 

M-20r 

M-20A 

M-20L 

1)  Viscosity  at  100°C,  7)  Group  E  (Mobilgard 

cSt;  type); 

2)  Group  A  (Premium 

type); 

3)  Group  E  (HD  type); 

4)  Group  B  (Supple¬ 

ment  type); 

5)  Group  r  (Series  2 

type); 

6)  Group  /I  (Series  3 

type); 


normal  operation  under  different  climatic  conditions  naturally  re¬ 
quires  no  more  than  two  grades  of  oil. 

In  drawing  an  analogy  between  the  proposed  classification  and 
that  use  abroad,  the  authors  cited  the  SAE  grades  and  API  classifica¬ 
tion,  which  they  related  in  the  following  manner:  ML  -  Regular, 

MM  —  Premium,  MS  and  DG  -  Heavy  Duty,  MS  and  DM  -  Supplement  1, 

DS  —  Series  2,  and  DS  —  Series  3.  They  also  noted  that  there  is  an 
oil  grade  outside  these  groups,  which  is  used  for  cylinder  (lubri¬ 
cator)  lubrication  of  marine  diesels. 

Certain  economic  problems  in  building  up  an  optimum  motor-oil  var- 
i  ety 

In  principle,  the  following  directions  can  be  taken  in  build¬ 
ing  up  a  commercial  variety  of  motor  oils: 

development  of  special  oil  types  for  given  engines  and  defin¬ 
ite  operating  conditions  or  for  very  restricted  groups  of  similar 
engine  designs  with  operating  conditions  that  Impose  similar  re¬ 
quirements  on  oil  quality; 

development  of  a  variety  of  oils  known  to  be  of  high  quality 
and  having  a  large  safety  margin  for  satlsfcatlon  of  the  require¬ 
ments  of  different  designs  operating  under  different  conditions. 

Naturally,  the  principles  used  to  build  up  a  given  variety 
of  commercial  ICE  oils,  taking  into  account  the  numerous  factors 
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governing  production  and  consumption  economics  In  each  specific 
case,  may  be  far  from  either  "extreme”  trend  and  comprise  an  "In¬ 
termediate"  system  having  the  advantages  of  both  trends. 

In  working  out  an  over-all  solution  to  the  problem,  however, 
it  is  necessary  to  take  into  account  both  the  economic  factors 
associated  with  the  coat  of  production  and  the  effect  produced  In 
operating  engines  for  transport  or  commercial  purposes  and  those 
relating  to  the  costs  borne  by  the  national  economy  in  transport¬ 
ing,  storing,  and  marketing  petroleum  products. 

The  formulation  of  this  problem  differs  radically  for  the  two 
different  aspects  Involved  in  building  up  a  commercial  oil  variety, 

i.e.,  that  pertaining  to  viscosity  Index  and  that  pertaining  to 
quality,  which  Is  governed  by  such  indices  as  oxidation  and  cor¬ 
rosion  resistance,  and  high  wear  and  detergent  properties,  etc. 

In  .the  former  case,  if  we  develop  an  oil  known  to  be  of  high 
quality ^ (e.g. ,  wlde-appllcatlcn  oils  for  operation  over  broad 
temperature  ranges),  they  may  be  employed  under  operating  conditions 
where  these  properties  are  not  utilized. 

In  the  latter  case,  use  of  high-quality  oils  under  less  string¬ 
ent  conditions  obviously  introduces  an  additional  effect,  which, 
as  research  has  shown,  substantially  exceeds  the  rise  In  oil  cost. 
The  economic  effect  produced  in  this  case  naturally  includes  sav¬ 
ings  in  transportation,  storage,  and  marketing. 
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Transliterated  Symbols 


Kp  =  kr  =  krutyashch^.y  moment  *  torsional  moment  (torque) 
B  =  V  »  vozdukh  =  air 
H  =  n  =  nachalo  =  beginning 
K  -  k  =  konets  =  end 


3  =  e  =  effekti’/nost  ’  -  efficiency 
T  =  t  =  truboprovod  *  line 
K  =  k  =  klapan  *  valve 
c  «  s  *  soprotlvlenlye  *  resistance 
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np  =  pr  =  pritsep  =  drawbar 
cp  *  sr  “  srednyy  «  average 


Chapter  2 

FUNCTIONAL  PROPERTIES  OF  ADDITIVE-CONTAINING  MOTOR  OILS 

Numerous  Investigations  conducted  In  recent  years  by  Soviet 
and  foreign  researchers  have  made  It  possible  to  establish  that  the 
functional  properties  o^  oils  (especially  those  containing  additives 
can  be  most  reliably  evaluated  when  they  are  performing  In  an  engine 

Nevertheless,  It  Is  often  necessary  to  make  a  comparative  study 
of  the  Influence  of  Individual  functional  properties  of  a  motor  oil 
on  Its  operating  efficiency  In  order  to  get  a  preliminary  Idea  of 
the  feasibility  of  producing  a  lubricating  compound  for  engines  re¬ 
quiring  definite  properties. 

A  number  of  researchers  [1,  2]  have  recently  summarized  their 
experience  In  evaluating  the  functional  properties  of  additlve-con- 
talnlng  motor  oils  with  the  aid  of  methods  for  determinut.i '?■;  .  f  In¬ 
dividual  properties.  These  works  present  experimental  dat  •  ac 
terlzlng  the  reproducibility  of  tests  of  Individual  motor- oil  func¬ 
tional  properties  under  engine  conditions. 

The  aforementioned  authors  give  an  affirmative  answer  to  a 
question  that  has  long  been  a  central  concern  of  s'  clallsts  work¬ 
ing  on  Investigation  and  testing  of  motor  oils  for  modern  engines, 
that  of  whether  Individual  ''laboratory"  procedures  can  be  used  to 
evaluate  the  functional  properties  of  oils. 

Without  going  into  a  detailed  analysis  of  data  on  the  feasibil¬ 
ity  of  such  evaluation,  we  need  point  out  only  that.  In  addition  to 
the  large  mass  of  experimental  results  that  tend  to  confirm  the 
feasibility  of  such  an  approach,  there  are  cases  in  practice  where 
contradictory  results  are  obtained  In  evaluating  motor-oil  function¬ 
al  properties  by  laboratory  methods  and  under  actual  application 
conditions . 

This  forces  us  to  exe-cise  great  care  In  dealing  with  evalua¬ 
tion  of  Individual  motor-oil  functional  properties  by  various  lab¬ 
oratory  procedures  and  to  take  into  account  the  conditions  under 
which  these  properties  are  determined;  when  extrapolating  labora¬ 
tory  results  to  operating  co.'.a’tions,  one  must  make  as  full  as  pos¬ 
sible  a  determination  of  the  aalltlonal  factors  that  might  serious¬ 
ly  alter  the  appraisal  previous. y  mad-. 

With  this  in  mind,  experlmenval  data  characterizing  the  most 
Important  motor-oil  functional  properties  are  presented  below. 
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§1,  DETERGENT  PROPERTIES 


Large  qualitative  differences  In  the  lubricating  properties 
cf  oils  (a  term  that.  In  general,  refers  to  their  ability  to  keep 
the  most  Important  engine  components  clean)  are  obtained  principally 
by  introducing  various  types  of  additives. 


TABLE  17 


Chemical  Composition  of  Oils  Tested 
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solvent  to  crude 
oil; 
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5)  Acid,  %i 

6)  Group  composition 

of  oils,  %\ 

7)  Naphthene-paraffin 

hydrocarbons ; 

8)  Aromatic  hydrocar¬ 

bons; 


9)  Tars; 

10)  Ring  composition 

of  oils,  %i 

11)  Naphthene  rings; 

12)  Aromatic  rings; 

13)  Paraffin  chains; 

14)  Blnagadlnskoye; 

15)  Neftyanyye  Kamnl. 


However,  in  characterizing  the  chemlsm  of  additive  detergent 
action  as  the  main  active  factor  In  improving  oil  detergent  proper¬ 
ties,  S.S.  Nametkln  [3]  noted  that  oils  without  additive  can  dif¬ 
fer  In  detergent  power  In  some  cases. 

We  can  speak  of  oils  with  a  greater  or  lesser  ability  to  hold 
oll-aglng  products,  parti'*ularly  tars  and  asphalts.  In  solution  or 
suspension.  It  should  be  noted  that  this  ability  Is  particularly 
pronounced  In  oils  containing  aromatic  hydrocarbons  and  present  to 
a  lesser  extent  In  paraffin  oils. 

Table  17  shows  the  detergent  properties  of  addltlve-frec  auto 
motive  oils  from  crude  Apsheron  oil.  We  have  carried  out 
a  comparison  of  the  detergent  properties  of  type-10  basf>  oils  ob- 
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talneci  from  different  crude  oils  and  subjected  to  different  degrees 
of  refining  The  evaluation  was  made  In  PZV  (n3B)  points,  testing 
the  deterge' u-free  oils  under  a  mild  regime  (1  h)  in  order  to  per¬ 
mit  differentiation  of  their  detergent  properties,  (The  PZV  method 
is  Intended  for  evaluation  of  the  detergent  properties  of  addltlve- 
contalnlng  oils).  The  oils  were  produced  from  a  petroleum  mixture 
and  from  crude  oil  from  the  Binagadlnskoye,  Neftyanyye  Kamnl  and 
Balakhanskoye  deposits. 

Distillates  of  the  corresponding  oils  were  refined  in  two  ways 
with  150$  furfurol  and  150JJ  clay  and  with  15Q%  furfurol,  ll  acid, 
and  5%  clay. 


We  obtained  9  oil  specimens,  comprising  the  three  distillates, 
which  we  will  arbitrarily  designate  as  A  (from  Binagadlnskoye  crude 
oil),  5  (from  Neftyanyye  Kamnl  crude  oil),  and  B  (from  Balakhan- 
skoye  crude  oil),  as  well  as  six  specimens  produced  from  the  three 
distillates  subjected  to  the  two  different  types  of  refining.  We 
will  arbitrarily  designate  these  specimens  as  A-1,  A-2,  5-1,  5-2, 
5-1,  and  B-2. 

The  detergent  properties  cf  the  additive-free  oils  and,  for 
comparison,  those  of  a  standard  specimen  of  type-10  oil  produced 
from  a  petroleum  mixture  are  given  below: 


Oil  Specimen 


Standard 

A 

A-1 

A-2 

5 

5-1 

5-2 

B 

B-1 

B-2 


Detergent  Properties, 
PZV  points 

^1-4.5 

4 

2.5 

2-2.5 

4 

3 

2.5-3 

4-4.5 

3.5 
3 


TABLE  18 


Detergent  Properties  (MT-I6  Base  Oil),  PZV  Points 


'  1 
ripiicaAKa 

3  V 

4.  1 

1  5. 

AaHMH-5 

4-4.5 

3 

2 

A3HMI1-7  2 

2,5-3 

2 

1-1.5 

AaMHH-7  (BucoKoacahHaa) 

3 

2 

1 

AallilH-S 

3,5-4 

2.5-3 

2 

UMATMM-339 

2.5 

2-1.5 

1 

1)  Additive;  2)  High-ash, 


As  can  be  seen,  the  oil  produced  from  Binagadlnskoye  crude  oil 
have  the  best  "detergent"  properties. 
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We  have  thus  confirmed  that  the  chemical  composition  of  oils 
affects  their  detergent  properties. 

Actually,  if  we  consider  the  data  on  the  chemical  composition 
of  the  oils  produced  from  the  Binagadlnskoye  and  Neftyanyye  Kamnl 
crude-oil  distillates,  the  best  ’’detergent”  properties  correspond 
to  the  highest  aromatic-compound  content. 

As  has  already  been  noted,  various  additives  have  a  substan¬ 
tial  influence  on  oil  detergent  properties.  The  concept  of  the, 
’’detergent  action”  of  additives  is  usually  related  to  their  abil¬ 
ity  to  ho]-  extremely  fine  insoluble  hydrocarbon  particles,  which 
are  formed  principally  as  a  result  of  contact  between  the  oil  and 
the  engine  components  at  high  temperatures,  in  solution  in  a  highly 
dispersed  state.  However,  S.S.  Nametkln  [3J  attributed  the  mechan¬ 
ism  of  the  cleansing  action  of  additives  both  to  their  ability  to 
disperse  the  thickening  and  carbonization  products  formed  during 
oil  functioning  (dlspergant  action),  which  keeps  them  from  being 
precipitated  from  the  oil,  and  to  their  ability  to  form  adsorbed 
layers  on  the  metal  surfaces  (detergent  action),  which  prevent  de¬ 
position  of  oil-aging  products. 

In  some  cases,  the  detergent  action  of  crankcase-oil  additives 
is  manifested  in  a  simple  ”cleansing”  effect,  l.e.,  an  oil  contain¬ 
ing  an  active  ’’cleansing”  additive  reduces  the  number  of  deposits 
formed  on  the  component  surfaces. 

Table  18  shows  the  ’’cleansing”  properties  of  different  concen¬ 
trations  of  AaHHM  additives,  which  are  of  the  sulfonate  and  alkyl- 
phenol  types.  For  purposes  of  comparison,  similar  data  are  given 
for  the  alkylphenol  additive  UlHATMM-339. 

In  order  to  obtain  clearer  differentiation  of  the  additive 
solutions  in  the  oils,  we  determined  their  detergent  properties  in 
a  PZV  apparatus  under  a  stringent  regime,  which  differed  from  the 
stancard  regime  in  the  fact  that  the  exhaust-valve  clearance  was 
reduced  to  1.2  mm  (instead  of  3.2  mm)  and  the  gap  between  the  wall 
of  the  ring  groove  and  the  compression  ring  was  increased  to  0,l8  + 
+  0.01  mm  (instead  of  0.13  +  0.01  mm). 


TABLE  19 

Detergent  Properties  of  JQ-ll  oil  with  Sulfonate 
Additives,  PZV  Points _ 


1 

nPHUAKa 

1  ; 

i  ' 

(1% 

I",, 

10% 

CC’3  (I'vjibdioiiaT  C<3pMa)  2 

1  2.5  .  1 

1.5 

1  1 

0 

CK'3  (cyjik^Har  > 

(  2.5-3  1 

1.5-2 

'  ! 

0-  0.5 

1)  Additive;  2)  barium  sulfonate;  3)  calcium 
sulfonate. 
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TABLE  20 


Oxidation  Resistance  of  Oils  Containing  CB-3  and 
B^K  Additives 


1 

M<C40  il*n  C 

1 

OcaloK,  % 

MUH 

3%  cn-3 

’..0 

2^. 

8%  CG-a 

10,3 

20 

3X  G4’i{ 

5,2 

33 

8X  C4>K 

4 

38 

1)  fl-11  oil  with;  2)  sediment,  JE;  3)  min. 


As  can  be  seen  from  the  data  in  the  table,  the  effectiveness 
of  detergent  action  Increases  sharply  as  the  additive  content  is 
raised. 

The  most  effective  oil  additives  are  sulfonates  of  various 
metals.  Table  19  presents  data  obtained  in  evaluating  the  ’’cleans¬ 
ing”  properties  of  oils  containing  certain  sulfonate  additives  in 
a  PZV  apparatus. 

There  is  a  rapid  Increase  in  oil  detergent  properties  when 
the  sulfonate-additive  concentration  is  raised,  the  PZV  readings 
dropping  to  0  points , 

The  mechanism  of  the  detergent  action  of  sulfonates  is  known 
[2]  to  be  governed  by  their  adsorptive  properties,  which  stabilize 
solid  carbon  particles  suspended  in  the  oil  solution,  by  their 
alkali  properties,  which  neutralize  oxidation  products  that  tend 
to  form  carbon  deposits  in  the  engine,  by  the  liquefying  action 
of  the  additive  micelles,  and  by  the  ability  of  sulfonates  to  in¬ 
hibit  formation  of  carbenes  and  carboids. 

It  has  recently  been  hypothesized  [2]  that  the  dlspergant  ac¬ 
tion  of  sulfonates  results  principally  from  their  ability  to  solu¬ 
bilize  crankcase-oil  aging  products. 

Metal  sulfonates  form  micelles  containing  a  large  number  of 
molecules  in  mineral  solvents.  These  micelles  are  comparatively 
small;  their  formation  also  accounts  for  the  fact  that  the  low- 
solubility  polar  compounds  that  accumulate  in  worked-out  oil  are 
held  in  the  form  of  a  stable  colloidal  dispersion. 

However,  this  mechanism  also  makes  chemical  reactions  readily 
possible,  which  can  explain  the  activity  of  sulfonate  solutions  in 
oil  with  respect  to  elements  such  as  oxygen  and  thus  account  for 
the  low  oxidation  resistance  of  sulfonate-containing  oils. 

Table  20  presents  comparative  data  obtained  iu  evaluating  the 
bulk  oxidation  resistance  (by  the  NAMI  [HAMM],  or  sediment,  method) 
and  thin-layer  thermostability  (in  accordance  with  GOST  9352-60)  of 
the  sulfonate  additive  CB-3  and  the  alkylphenol  additive  BeK. 


55  - 


TABLE  21 


Detergent  Potential  of  Oils  Contain¬ 
ing  CB-3  Sulfonate  Additive  and  Mix¬ 
tures  of  this  Additive  with  Various 
Antioxidants 


1 

OOpasuM  Macaa 

2  MomuiMil 
noTciiiiHaa 

A- 11  c  .1%  Ci;-a 

25 

A-ll  c  5?,; 

34 

A-11  c  8%  Cr.-3  - 

46 

A-11  c  8%  CB-3  H  1.2^1 

41 

A-11  c  5%  CB-3  H  1.2%  A.ihh-317 

43 

A-ll  c  5%  CB-3  H  1,2%  MHXn-21 

56 

A-11  C  8%  CB-3  H  1%  MllXn-36 

52 

A-11  c  8%  CG-3  H  3%  MHXn-3f> 

68 

A-11  c  8%  CB-3  H  3%  HHXn-21 

60 

1)  011  specimens:  2)  detergent  po¬ 
tential;  3)and;  M  Lanl-317. 


At  equal  additive  concentrations,  the  stability  of  ;i-ll  oil 
Is  less  by  a  factor  of  1.5-2. 5  when  It  contains  CB-3  ^^ulfonate 
additive. 

As  is  well  known  [4],  the  efficiency  of  the  detergent  ac¬ 
tion  of  additives,  particularly  sulfonate  additives.  Is  evaluated 
by  determining  the  so-called  detergent  potential  of  a  thick  oil 
layer  under  oxidation  conditions  at  high  temperatures.  The  deter¬ 
gent  potential  characterizes  one  of  the  most  important  functional 
properties  of  detergent  additives,  their  ability  to  maintain  high 
dispersion  of  the  particles  that  appear  In  the  oil  as  a  result  of 
oxidation  or  of  contamination  with  soot  particles  and  other  incom¬ 
plete-combustion  products  that  enter  the  oil  from  the  combustion 
chamber. 

Using  a  standard  compound  that  forms  a  disperse  phase  on  oxida¬ 
tion,  the  detergent  potential  is  numerically  equal  to  the  maximum 
content  of  this  compound  (in  %  by  weight)  at  which  the  oil  Is  still 
capable  of  maintaining  a  high  congealing  resistance. 

In  interpreting  the  results  of  comparative  studies  of  the  de¬ 
tergent  potentials  of  sulfonate  additives.  It  must  be  kept  in  mind 
that  their  detergent  action  can  be  appraised  only  to  the  extent 
that  it  can  be  attributed  to  maintenance  of  the  dispersed  phase 
formed  as  a  result  of  oil  oxidation  or  entry  of  combustion  products 
Into  the  oil. 

The  degree  of  dispersion  of  the  nartlcles  formed  by  oxidation 
of  the  standard  compound  In  the  detergent-potential  determination 
obviously  depends  on  the  detergent  efficiency  of  the  additive. 

(The  degree  of  dispersion  Is  determined  by  filtration  of  a  solution 
of  the  oxidized  oil  in  a  solvent). 

As  can  be  seen  from  the  data  in  Tables  21  and  22,  the  deter¬ 
gent  potential  of  oils  increases  with  the  concentration  of  CB-3  and 
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B«pK  additives,  Introduction  of  antioxidants  also  promotes  an  in¬ 
crease  in  this  index. 

A  slmila-'  evaluation  can  be  made,  for  example,  for  addi¬ 
tive  during  detergent-property  tests  by  the  PZV  method  (see  Table 
23).  Detergent  efficiency  amounts  to  0-0,5  point  at  additive  con¬ 
centrations  of  8-10$. 

A  comparative  study  of  the  efficiency  of  sulfonate  additives 
with  high  detergent  properties  and  of  mixtures  of  these  addlti’^es 
with  alkylphenol  additives  established  that  a  synergistic  effect, 
i.e.,  a  mutual  reinforcement  of  properties,  occurs.  The  synergism 
of  sulfonate  and  alkylphenol  additives  Is  manifested  particularly 
clearly  In  their  detergent  efficiency. 

TABLE  22 

Detergent  Potential  of  Oils  Contain¬ 
ing  B^K  Alkylphenol  Additive  and  mix¬ 
tures  of  this  Additive  with  Antioxi¬ 
dants 


1 

06pi.iuu  Macjia 

2  ViOOUlMH 

no  eiiuHaj 

il-11  C  T'V,  B'I'lv 

45 

;i-ii  c  5%  i><i»i-’ 

58 

;i-ii  c  K*i  r><i>K . 

65 

il-11  c  8".  BI'K  |(  K  HMXn-51 

6 

;i-ll  c  HW  M  3%  Mlixr|.2l 

72 

il-11  c  h<«i  H  3  '.  Mlixri  3a 

66 

il-11  c  8%  D'1>K  H  1.2''i  A<l»-ll 

70 

A-ll  c  8%  B<PK  H  1.2x  JlaiiM-317  5 

69 

1)  Oil  specimens;  2)  detergent  po¬ 
tential;  3)  with;  4)  and;  5)  Lani-317. 

TABLE  23 


Detergent  Properties  of  Oils  Contain¬ 
ing  Antiphenol  Additives,  Evaluated 
by  PZV  method 


“T - 

OCpscitU  nacjia 

.Vo^jUMC 

•  ZcBOHCTsa  no 

n3B,  Gajijiu 

A- 11  '  c  >  lip  •'  • 

5-5.5 

A- 11  t  2'.,  IW-K 

2,5-3 

A  11  He  •}”.  B'lK 

2 

A-11  He  6%  G'I>K 

0,5-1 

A-11  »€  8%  B’J'K 

0.5 

A-ll  t  10% 

0-0,5 

1)  Oil  specimens;  2)  detergent  proper¬ 
ties  by  PZV  method,  points;  3)  without 
additive*  4)  with. 


Table  24  presents  data  on  the  influence  of  various  additive 
combinations. 
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TABLE  24 

Detergent  Potentials  of  Oils  with  Compound  Additives 


Or.pa3t(M 


p  MOKIlllHii 
notfHUHiA 


CB-3r2.  5%  A3HMM-7+U  HIIXn-2l-»-0,OOS»;  IlMC- 

200A 

;M1.2.5*  CB-3  t2,5?o  A3HMM-7+l%  ;iaiiH-317.f  0,005 x  HMC- 
200A 

jUi  t  S*  bi>k  +  2,.':%  cn-3-f  o.  0()5x  nMc-'^ooA 
B‘i>K-  4x  cr.-  j-t  n.oo>%  ri.vic-2o<)A 

Ij'l'K  +  fi'v,  CB-3  i  O.OO'i',.  IIMC.200A 
f).2v.  r.'i'iv  i  2.S';,  ci;-3  ;  i.2»i  MH.\ri-2i  i  o.n«5%  nMC-2noA 
;i-11  I  4  %  Ti'I'K  I  2  "i  CB-3  ;  1,2%  HMXn-2r-j  0,003%  nMr.-2(K)A 
/l-ll-t-2.7%  B«l‘l(l  l,3%  CB-3rl,2’.  14IIXn-2l  i-0,005?i  nMC-200A 


59 

48 

74 

88 

94 

K3 

83 

79 


1)  Oil  specimens;  2)  detergent  potential. 


The  ability  of  sulfonate  and  alkylphenol  additives  to  rein¬ 
force  one  another’s  detergent  efficiency  can  be  explained  [5]  by 
assuming  -chat  solutions  of  these  additives  in  oils  are  nonaqueous 
electrolytes,  since  the  decisive  role  in  the  mechanism  of  additive 
detergent  acclon  in  this  case  should  be  played  by  dissociation  and 
hydrolysis.  Assuming  that  the  mechanism  of  additive  detergent  ac¬ 
tion  is  based  on  adsorption  of  ions  or  ionic  micelles  of  additives 
on  the  surfaces  of  soot  pa^^tlcles  and  metallic  components,  a  pro¬ 
cess  that  leads  to  development  of  electrostatic  charges  of  the 
same  sign  and  hence  to  repulsion  between  the  particles  and  between 
the  particles  and  metallic  surfaces,  it  is  to  be  expected  that  the 
efficiency  of  additive  detergent  action  would  increase  with  the 
degree  of  dissociation  of  the  additive  solution  in  oil.  On  the 
other  hand,  a  higher  degree  of  additive  hydrolysis  should  result 
in  more  effective  neutralization  of  oil-oxidation  products  and 
thus  a  smaller  number  of  tar  deposits  to  present  a  potential  ha¬ 
zard  from  the  standpoint  of  contamination  of  the  metallic  surfaces , 

TABLE  25 


Electrical  Conductivity  of  Solutions 
of  CK-3  and  BOK  Additives  in  ilC-11 
Oil _ _ 


1 

OCpMUU  Micjia 

SjicK’porpo- 
2  uo;  MOCIb, 

_L-  10-* 

OM 

1 

;ic-n  +  io%  ci<-3 

81.9 

;iC-ll  +  20%  CK-3 

123 

;ic-u-io%  f.‘iK 

100 

;ic-n-;5x  b^k 

250 

JC-ll  OK  34 3.4  B<M< 

52  > 

ilC-H  fl3.2%  CK-3X+6.8r.  B4»K 

1660 

) 

! 


1)  Oil  specimens;  22  electrical  con¬ 
ductivity,  ohm”* *10"*. 
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11 

'I 

I 

Additive  solutions  in  oils  are  actually  nonaqueous  electrolytes.  ; 
The  mechanisms  established  for  aqueous  electrolytes  can  therefore  be 
extended  to  such  solutions.  Specifically,  the  electrical  conductivity  f 
of  an  additive  solution  in  oil  should  chai-acterize  the  degree  of 
additive  dissociation. 

On  this  basis,  it  can  be  ascumed  that  introduction  of  surface- 
active  sulfonate  additives  will,  as  a  result  of  the  Increased  solva¬ 
tion  effect,  lead  to  an  Increase  In  the  dissociation  of  an  alkyl- 
phenolate  additive  when  the  latter  is  highly  soluble  in  the  oil.  Ex¬ 
periments  have  shown  that  a  mixture  of,  for  example,  BeK-1  and  CB-3 
additives  (each  of  which  has  low  conductivity  in  pure  form)  causes 
a  sharp  rise  in  solution  conductivity,  which  indicates  an  Increase 
in  degree  of  dissociation.  This  is  confirmed  by  the  data  given  in 
Table  25. 

It  is  known  [6]  that  the  degree  of  dissociation 


A 


where  X  is  the  equivalent  conductivity  at  a  given  concentration 
s 

and  Xj^  is  the  equivalent  conductivity  at  infinite  dilution. 

It  can  therefore  be  assumed  that  the  cations  or  cationic  mi¬ 
celles  of  the  additive  (a  solution  with  a  definite  degree  of  dis¬ 
sociation  in  oil)  play  a  large  role  in  the  mechanism  of  detergent 
action.  Adsorption  of  these  cationic  particles  on  the  metal  surfaces 
sets  up  a  "protective*”  layer  that  prevents  tar  formation. 

Having  thus  established  that  there  is  a  relationship  between 
the  detergent  action  of  additives  and  their  degree  of  dissociation 
in  oil,  it  seems  expedient  to  study  the  electrical  conductivity  of 
additive  solutions  in  oils:  by  characterizing  the  degree  of  addi¬ 
tive  dissociation,  we  can  indicate  possible  changes  in  the  efficiency 
of  detergent  action.  The  electrical  conductivity  of  oils  was  studied 
by  the  method  described  by  Yu.S,  Zaslavskiy  et  al.  [7]. 


Fig,  3.  Diagram  of  apparatus  for  determining  electrical  conductivity 
of  additive-containing  oils,  i)  Beaker;  2)  electric  heater;  3)  trans- 
forme'v;  k)  mom-M  teraohmmeter. 
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TABLE  26 


Electrical  Conductivity  of  Oils  Con¬ 
taining  Single-Component  Additive 
Solutions 


1 

Macjia  c  npHcaxKaMH 

zdacKTpoiipo- 
BOAIIOCTb  paCT- 

BOpa  npH  100”C, 

I  a 

r—  10 

1  OM 

AC-C.3  (HK3) -1-5,85  miATMM-399 

25,2 

29,4 

AC-0,5  (Hl<3) -1-23,4%  UHATHM-339 

130 

170  • 

AC-9.5 -1-10%  CB-3 

143 

1G4 

AC-ll  (Hia)-i-20%  CK.3 

125 

125 

AC-II  (HK3)-f  8%  B4»K 

13S 

- 

133 

AC-n  (HK3)-f  10%  CK-3 

!  81,9 

69,9 

AC.n-^-15%  B<t»K 

Z-iO 

AC-Il-flOx  A3HMH-7 

250 

175 

188 

AC-11  (HK3)-f-20%  BOK 

29s 

278 

1)  Oils  and  additives;  2)  conduc; 
tlvlty  of  solution  at  100° C,  ohm” 

•10“*. 


A  total  of  25  cm"'  of  the  oil  to  be  tested  is  poured  into  an 
aluminum  beaker  (Fig.  3),  which  serves  as  an  oil  bath.  The  beaker 
is  covered  with  an  ebonite  lid,  whose  Inner  side  bears  cylindrical 
aluminum  electrodes  connected  by  leads  to  a  teraohmmeter,  which 
measures  the  resistance  of  the  oil. 

The  beaker  and  oil  are  placed  In  a  sand  bath,  where  the  oil 
Is  heated  by  an  electric  furnace.  The  temperature  Is  adjusted  with 
a  laboratory  transformer  and  measured  with  a  mercury  thermometer 
mounted  In  the  beaker  lid. 

The  determination  procedure  runs  as  follows:  the  oil  tempera¬ 
ture  In  the  beaker  Is  varied  from  50  to  150°C  at  25®C  Intervals. 

The  oil  resistance  at  a  given  temperature  Is  determined  for  each 
point  from  the  tersohmmeter  scale.  The  Index  determined  Is  the  re¬ 
sistance  (or  conductivity)  at  100°C. 

Tables  26  and  27  show  the  results  of  our  determinations. 

Table  presents  data  obtained  In  eva"' uatlng  oils  correspond¬ 
ing  In  properties  to  standard  lubricants. 

In  evaluating  detergent  properties,  it  la  important  to  deter¬ 
mine  both  the  absolute  ’’contamination”  of  the  main  engine  compon¬ 
ents  with  tar  deposits  under  the  action  of  a  given  additive  and 
the  extent  to  which  the  action  of  the  additive  retards  formation 
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TABLE  27 


Conductivity  of  Oils  Containing  Coaipound  Additive! 


1 

Micm  c  npNcajKaMH 


ip«iri.fw  IwC, 
1  '  ^ 


AC-II  (KK3)+10k  (66.6X  CK~3+33,4»  B^K) 

AC-11  (HK3)  «>10k  (33, 4«  CK-3+66,6«  B«K) 

AC-11  15  X  (66, 6X  CX-3-»-33,4X  6«K) 

AC-1 1-t- 15  (33,4%  CK-3.f  66,6  K ‘B4>K) 

AC-11 aOx  (e6.6X  CK3  +  33,4:s 
AC-11 -»-10x  (SOX  CK-34S0X  B«K) 

AC-11  + 15  (50x  CK-3  -h  50%  E^K) 

AC-11 -t-llx  BOX -f4x  CB3-)-2k  AsHHM-10 
AC^ll-fllX  B<t>K-f'4X  CB-3  +  3X  Ainti-38 
AC-1 1  +  3,1  X  Mick  + 1 X  HMCfl 
AC-1 1  -I- 10  X  MacK  -f- 10  X  HMCA  / 

AC-14 +  15X  B-370-f6x  nMCli-f0,5x  A3-23X -(-0,(106 X  HMC- 
200A 

AC-11  -H  11 X  B<t>K-f4x  CB-3-t-2x  B4>K-S 

AC-11  +  11 X  B<1>K  -f  X  CB-3  +  1 X  B4>X-S 

AC-n-flSx  B4>K-|-6x  C6-3-fOAX  A3-23K -t- 0.005  nMC-300A 

AC-ll-l-llx  BOX  +  4X  CB-3-|-0,5X  A3-23X +0,006%  HMC- 
200A 

IC-Ii  +llx  5<l>K  +  4x  CB-3+1X  AsHHM-lO 

AC-11-I-5X  B^X  +  IAX  C5-3 

AC-II  -f  llx  6<0K+4x  CB-3+IX  Akiw-36 


5S8 

561 

3/0 

iaJ 

1430 

1600 

436 

470 

1660 

1540 

too 

4.^4 

333 

4«j0 

760 

660 

000 

500 

560 

666 

2500 

204 

2500 

1720 

1600 

164} 

1300 

1433 

1250 

1350 


700 

000 


476 

714 


1)  Olio  and  addl- 
tiv<4fi ; 


2)  conductivity  of  solu¬ 
tion  at  100* C,  ohm"'* 


of  products  potentially  dangerous  in  the  ^ense  of  tending  to  pro¬ 
duce  tar  depoal’s  Is  retarded  In  the  working  oil. 

In  this  cQn.iectlon,  It  is  of  Interest  to  study  the  c'nBposltlons 
of  tar  deposits  and  worked-out  oils. 

The  tvr- deposit  composition  was  determined  in  the  following 
manner.  The  scale  was  removed  from  a  piston  after  testing.  The 
cleaned  piston  wxs  then  placed  In  a  Soxhlet  apparatus »  where  it 
was  successively  treated  with  petroleum  ether,  alcohol,  and  benoene. 

After  treatment  with  each  of  these  solvents,  we  determined  the 
amount  of  axldatlve-polymerlxatlcn  products  (  acids,  asphalts. 
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TABLE  23 


Electrical  Conductivity  of  Different 
Groups  and  Group  Standards 


1 

SxcKTpo  po* 

^  nOAIlOCTb 

OGpaauu 

npM  lOO’C, 

-i-.lO'* 

OM 

3  rp\nna  A  (flpeMMyM) 

<*  draaoii:  AC-ll 0,7“i  Wo»LTO-613-j- 0,7x 
6  CaHtoaio6-493  * 

AC-ll  (6^)  r  3r.  CB*3  + 

4  rpynna  b  (XesH  AfeioTN) 

**  3rajioii:  AC-11  -|- 1,5?«  .Moiito-G13  +  0,7  X 
6  C2iiioaK)6-403  * 

AC- 11  l<>i  CB-3  2x 

A«l>- 1 1  ^ 

f  rpyniia  B  (cepua  1 ) 

•*  draaoH:  AC-IH  4^,  Mokto  613 -|- 0,25  x 
Can  on«  6-493  ’ 

A-H  (6.iK)-i  7,5%  D«1>K  H-2* 

Cl5  3  -f  0,5  A3  23 ( 

1  0  rpynna  T  (c<  pua  il) 

4  Siaaoii:  AC-11 -r  9X  Mohio  613 0,7* 

6  CaHrraifi6-493  * 

A- 11  (:iK)  -i  11%  B4>K-f  4%  CB- 
-1  0,5  ii^A3-23k +0,005%  nMC3- 
200A 

::  fpyiina  AKcepaa  III) 

4  StaaoH:  AC-11  4  18%  Moi?‘o-702 

A-11  +  15%  B4>K  +  6%  CB.3  + 
*0.5%  A3-23K-t- 0,005%  riMC- 
200A 


44 

46 


62 

87 

200 

263 

714 

702 

238 

614 


carbenes,  and  carbolds). 

A  similar  procedure  was  used  to  determine  the  composition  of 
the  oxidative-polymerization  products  In  the  worked-out  oil. 


In  evaluating  the  "cleansing”  actlonof  additives  from  their 
ability  to  retard  formation  of  the  oxidative-polymerization  prod¬ 
ucts  most  dangerous  from  the  standpoint  of  tar  formation  toxy 
acids  and  asphalts)  and  to  prevent  deposition 
on  the  pistons,  the  following  data,  whlc^  were 
method  described  above,  were  used  to  determine  the  "protective 
power  of  A3rtMM-8  additive; 
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Test  Results 


MT^l6+3%  A3HI/1M--8 


Tar  formation  on  piston, 
points;  3.5 

Weight  of  tar  deposits  on 
piston,  g  0„1256 

Composition  of  car  deposits 

Oxy  acids,  g  0.,0152 

%  12. .1 

Asphalts,  g  0,0090 

%  7.1 

Carbenes  and  carbolds,  g  0.1014 

%  80.8 

Total  oxidation-product  con¬ 
tent  of  worked-out  oil,  g  4.0986 

Total  sediment  content  of 
oil 

Oxy  acids  and  asphalts,  g  0.3266 

Carbenes  and  carbolds,  g  3.772 


TABLE  29 


Piston-Ring  Mobility 


1 

npHrajuca 

1 

i  i 

1  ' 

3 

4 

5 

A.tnKM-S 

2  i 

riflOTHOe 

n;ioiHoe 

CBol^oaiioe 

3 

CsoCoAHoe 

3 

CboSoahoc 

UHA  rWM-Owv 

3 

2 

2 

3 

CBo6o;iHue 

ripMropeao 

Ha  90" 

rijIOTHOe 

1 

rijlOTHOe 

i 

CioOoAHoe 

1)  Addlt'*ve;  2)  tight;  3)  loose;  4)  tar  formation 
at  90°. 


The  protective  power  of  an  additive  can  be  arbitrarily  eval¬ 
uated  from  the  relative  amount  of  oxy  acids  and  asphalts  found  in 
the  tar  deposit. 

If  we  use  the  symbols  R  for  the  protective  power,  for  the 

amount  of  oxy  acids  and  asphalts  found  in  the  tar  deposits,  and 
for  the  amount  of  these  compoundo  in  the  worke:d-out  oil,  then 

/?  =  jco - 

r,  r  t'a 

Let  us  make  a  compai’atlve  evaluation  of  the'’protectlv<.'"  power 
of  A3HMM-8  and  UMATHM-339  additives: 

Additive  c,  :  f, 

MT-16  t  3%  AsHUn-H  n.3o 

MC-20i3?.  UUA‘iilM-'i59  0.24 


0.02  92 

0.04  83 
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As  can  be  seen,  AsH'/lH-S  additive  has  a  greater  protective 
power  than  UHATHM-339  additive. 

The  plston~rlrg  nobilities  deternlnod  after  englrie  testing 
of  these  additives  (see  Table  29)  confii'nn  tnat  AoHHH-8  additive 
is  more  effective. 

§2.  CORROSION  PROPERTIES 

The  problem  of  corrosion  in  automobile  engines  initially  arose 
In  connection  with  the  wide  use  of  high-strength  alloys  In  place  of 
low-efficiency  babbits;  however,  such  alloys  have  a  low  resistance 
to  the  acidic  compounds  formed  in  the  oil  during  engine  operation 
[8]. 


Later  Investigations  established  that  the  corrosive  aggressive¬ 
ness  of  crankcase  oils  may  also  be  due  to  wearing  of  cast  Iron  and 
even  steel  engine  components  [9].  It  was  also  found  that  use  of 
oils  with  an  effective  "cleansing”  action  under  hlgh-temperacure 
conditions  Is  accompanied  by  1‘emoval  of  the  protective  surface  films 
and  Intensification  of  oil  oxidation.  The  concentration  of  corrosive 
compounds  In  the  oil  and  the  rate  at  which  they  are  formed  can  thus 
serve  as  criteria  for  evaluating  the  corrosive  properties  of  oils. 

In  practice,  there  are  two  common  methods  for  evaluating  the 
corrosive  pi-opertles  of  crankcase  oils:  determ.inatlon  of  potential 
and  actual  corrosion. 


TABLE  30 


Actual  Corrosion  for  Addltive-Con- 
talnlng  Oils _ 


i 

OOpa.iuu 


1  cJiClBHleab* 
Hal  KoppoaHi, 

2  ZIM> 


3  AbtOI-10  KHCaOfHD-KOII  JK'Moii  f'-KCTKK 
1.  To  AC  c  A3»iUH-8 
5  MiijiycTPHa.ihiiac  53 
t  To  AC  c  3\  UH  \TU\l  339 
‘t  To  AC  c  3v  AsllMH-? 

T  /iHscibNOe  Macao  ccacKTHBiioA  oihcthm 
(A-Jl)  c  3*4  LIMA  rMM-33J 
'  To  Hie  c  3»i  AaMMH-7 


2.0 

U 

1.4 

0.3 

0 

1.1 

0.8 


p 

1)  Oil  specimen' ;  2)  actual  corrosion,  g/m';  3)  type-10  automotive 
oil,  icidic  con  :a'?t  refln^-ng;  h)  che  same,  with  3!t  AsHMU-S;  5)  In¬ 
dustrial  50;  6'  the  snme,  with  3*  UhATHM-339;  7)  diesel  oil,  selec 
tlve  refining  (U-ll)  with  3%  UHATMM-339. 


The  principal  difference  between  the  method  used  to  determine 
the  actual  corioslve  aggressiveness  of  oils  and  the  commonly  em¬ 
ployed  proceaurc  for  evaluating  potential  corrosion  consists  In  the 
following. 

The  active  principle  in  determining  potential  co''roblon  is 
the  acidic  compound?  formed  in  tho  oxidized  ol  ,  ..n  determining 
actual  ccrro.slcn,  one  deals  with  the  active  compounds  found  in  the 
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.11  before  oxidation. 


In  setting  up  the  experiments,  measures  are  taken  to  prevent 
oil  oxidation.  The  experimental  clme  is  reduced  to  a  minimum  and 
no  atmospheric  oxygen  Is  permitted  to  reach  the  contact  area  be¬ 
tween  the  oil  and  the  lead  plate  undergoing  corrosion. 

The  MAMI  method  Is  most  widely  used  for  evaluating  the  actual 
corrosion  caused  by  crankcase  oils.  This  method  determines  the  cor¬ 
rosion  produced  by  mineral  oil  from  the  weight  loss  of  a  lead  plate 
during  a  30-min  test  at  1^0°C  with  no  air  permitted  to  reach  the 
contact  area. 

A  comparltive  study  of  the  actual  corrosion  caused  by  solu¬ 
tions  of  A3HMH-7,  AgHHH-8,  and  UHATHM-r99  additives  In  oil  has  shown 
(see  Table  30)  that  these  compounds  differ  little.  The  situation 
is  different  for  the  corrosion  produced  after  long-term  engine 
service.  Thus,  the  actual  corrosion  caused  by  oil  containing  A  HHH-7 
additive  Increases  to  2.7  g/m^,  while  that  caused  by  oil  containing 
UMATHM-339  additive  rises  to  g/m^. 

It  can  be  assumed  that  the  corrosive  aggressiveness  of  the 
compounds  formed  In  worked-out  oil  is  less  for  oils  containing 
A3HMH-7  additive  than  for  those  containing  UHATHM-339  additive. 

It  is  thus  possible  to  evaluate  the  actual  corrosion  produced 
by  worked-out  oils  and  the  conditions  under  which  a  crankcase  oil 
acts  on  the  metal  components  corroded  during  engine  operation  can 
be  reproduced  with  sufficient  accuracy. 

Determination  of  crankcase-oil  potential  corrosion  involves 
two  simultaneous  processes:  formation  of  acidic  compounds  during 
oil  oxidation  and  the  corrosive  action  of  these  compounds.  The 
over-all  effect  of  the  two  factors  is  manifested  in  the  experimen¬ 
tally  determined  weight  loss  of  a  lead  plate. 

We  can  observe  the  kinetics  of  these  two  parallel  processes 
in  determining  potential  corrosion  for  crankcase  oils. 

Figures  5,  and  6  show  characteristic  weight-change  curves 
for  lead  plates  during  oil  oxidation  in  a  ^K-2  apparatus. 

The  procedure  described  above  for  determining  the  corrosive 
aggressiveness  of  motor  oils  and  additive-containing  oils  provides 
for  evaluation  of  the  weight  loss  of  lead  plates  in  oil  undergoing 
oxygen  oxidation.  Investigations  conducted  by  K.S.  Ramayya  and  R.Kh. 
Sll's  [lOj  have  shown  that,  as  a  result  of  their  catalytic  action 
on  oil  oxidation,  organic  meta'  salts  accelerate  lead  corrosion. 
Current  methods  for  evaluating  the  corrosive  aggressiveness  of  oils 
(Pinkevich’s  method,  the  NAMI  Uii-2  procedure)  do  not  use  oxidation 
catalysts,  while  various  metals  are  present  in  or  in  contact  with 
the  oil  in  ICE'S  under  actual  operating  conditions,  exerting  a 
catalytic  influence  on  oxidation.  Introduction  of  organic  metal 
salts,  particularly  those  of  copper  (copper  naphthenate  or  stfarate), 
Into  the  oxidizing  medium  greatly  increases  the  rate  of  oil  oxida¬ 
tion  and  thus  leads  to  a  rise  In  lead-piste  weight  less  during  cor- 
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rosion  determinations.  The  authors  of  the  procedure  recommend  a  test 
time  of  25  h.  The  experiments  are  conducted  in  an  NAMI  ^K-2  apparatus 
at  1^0°  with  standard  lead  plate.  The  plates  can  be  weighed  at  dif¬ 
ferent  intervals  during  the  test,  e.g.j  every  5  h,  In  order  to  get 
an  Idea  of  the  trend  of  corrosion  with  time. 


Fig.  4.  Comparative  evaluation  of  potential  corrosion  for  following 
oils;  1)  Industrial  50  (machine  Cy);  2)  Industrial  50  +  type  MK-22 
aviation  oil  (3:2  mixture)  with  35?  A3HHM-4.  A)  Corrosion,  g/m^;  B) 

h. 


Fig.  5.  Comparative  evaluation  of  potential  corrosion  for  follow¬ 
ing  crankcase  oils:  1)  Type  10  without  additive;  2)  type  10  with 
351  A3HHM-3  additive.  A)  Corrosion,  g/m^;  B)  h. 


Fig.  6.  Comparative  evaluation  of  potential  corrosion  for  follow¬ 
ing  crankcase  oils;  1)  Diesel  oil,  selective  refining  (based  on 
type  l8  automotive  oil),  without  additives;  2)  the  same  oil,  with 
A3HWM-7  additive  (35?).  A)  CorT’osion,  g/m^;  B)  h. 
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In  order  to  make  a  comparative  evaluation  of  the  corrosive 
aggressiveness  oC  addltl/e-contalnlng  oils,  we  compared  the  weight 
loss  per  unit  lead-plate  surface  area  after  oil  oxidation  In  the 
presence  of  a  catalyst  (copper  naphthenate) ,  which  was  added  In 
an  amount  of  0,02%  by  weight,  for  25  h  (Tables  31  and  32). 

The  method  described  above  can  also  be  used  to  determine  the 
comparative  effectiveness  of  antioxidants.  Tables  33  and  3^  pre¬ 
sent  the  results  of  a  comparative  study  of  the  effectiveness  of 
the  following  antioxidants:  tertiary  butylphenol  amine  sulfide 
(AC4>),  the  Ba  salt  of  a  phosphorus  additive  derived  from  a  crack¬ 
ing-paraffin  polymer,  B<t»K  with  sulfur  and  phosphorus,  and  AsHUH-lO. 

As  can  be  seen  from  the  data  given,  effective  antioxidants 
greatly  reduce  lead-plate  corrosion  in  the  presence  of  an  oxida¬ 
tion  catalyst. 

TABLE  31 


Comparison  of  Corrosive  Aggressiveness  of  Oils  and 
Additive-Containing  Oils  by  Usual  Procedure  and 
25-hour  Method  with  Catalyst 


1  1 

1  / 

Hci  up  icaA- 

K'.t 

3  C  iipHcaAKavtH 

06pa')uu  MaCiia 

Cr.-3(I0'V,) 

D«K-1  (8») 

4 

il-11  OaKHIICKOC 

_ U'3 

■126,6 

71,0 

357,5 

_C0.0  __ 
160,15 

HK  Hn3 

7.4 

74,5 

47, ,5 

•152.6 

408,45 

241,1 

AC-9,5  HK  Hn3 

175 

90,2 

40,3 

■:t.; 

3(50, ;5 

184,1 

4 

CV-^aKKiiCKoe 

U6 

62,4 

52,1 

359,7 

133,4 

138,4 

AC-6  HK  Hn3 

i 

5,1 

■  177,0 

72,5 

442,5 

399,9 

268,4 

AC-6  0a\riiCKOc 

1C3 

168,0 

70,3 

446,H 

'  433,6 

214,85 

Note .  The  upper  figure  represents  the  corro¬ 
sion  Tg/m' )  determined  by  the  usual  method,  while 
the  lower  figure  represents  that  determined  by  the 
more  stringent  method  (with  catalyst). 

1)  Oil  specimen;  3)  With  additive; 

2)  V/lthout  additive;  4)  Baklnskoye, 


More  rapid  oxygen  supply  is  important  when  evaluating  the 
corrosive  aggressiveness  of  oils  In  the  presence  of  catalysts. 
From  this  standpoint,  the  conditions  used  for  evaluating  crank- 
case-oll  corrosive  aggressiveness  by  the  PZZ  (n33)  method  [4] 
must  be  regarded  as  approximating  real  conditions. 

Figure  7  Is  a  diagram  of  the  PZZ  apparatus,  which  consists 
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TABLE  32 


Corrosive  Aggressiveness  of  Adf^ltlve- 
Contalnlng  Oils  by  NAMI  Method  (25  h, 
with  Catalyst) 


1 

06pajiu>i  MacAa 

Kop  :o  .HU  no 

2  HAMM,  djM’ 

A- 11  (OaK.)  c**l,5”.. 

194 

t  4"„  at>i< 

122 

“tc  H".  FVl'K 

41,3 

■tc  Iri-i  K'l'K 

1,|5 

AC-M  1,0. { 

146,4 

-J  ^uaK./  c  I,!'’..  Cn-3 

319,6 

3  4C  -1 ci)-a  1 

,  290,0 

■•c  (i-o  CK-a 

2.4.0 

1  •*£  18"„  Cf.-i 

A-11  (oaK.)  (I  5»„  CB  3  +  2%  ^0-11 

240,0 

2.7 

A-II  (6ai.)  r  J-.  CB3  r2%  A0-11 

1.8 

A  ll  (''-aTc.) 7,5%  Bt-K  — 4%  CB-3  + 

-1  0,5j".  .•13-23; 

6.4 

A-11  ('dK.)  T  11”.  n'I  K-l-45i  CB-3-4- 

t  0,Vi;  A2-23<-  U.0u5%  nM3-2.iOA 

7,3 

A-11  (uaK.)  •  15%  B'4'Ki  0%  CB  3 

-i-0.5%  A3-23K 0,0c5'vi  nM3-2jOA 

5,9 

1)  011  specimens:  2)  corrosion  by 
NAMI  method,  g/m^;  3)  Baklnskoye; 
4)  with. 


TABLE  33 


Results  of  Evaluation  of  Corrosive 
Aggressiveness  of  Additive-Contain¬ 
ing  Oils 


1 

OCpaauu  Macaa 

2  Koppoaiin  no 
if'iHos(y 
Meioay,  tiM* 

3  Ee.i  aMTHoKiiCAHTeaeft 

AC-ll  ->  6.6%  b0K'-r3.1%  CK-3 

151,0 

AC-ll  -*■  9.9%  B'PK  r  5.1  %  CI<-3 

53,5 

AC-ll +5%  B0K -i- 1.5  CB  3 

27 

4  C  aHTMOKMCAMTeJIiiMM 

AC-ll  +  lU  B0K  -:  4S  CB-3t-  \%  B0KS 

lO.M 

23.2 

.  .  1".  AaHMM-lO 

54.0 

.  .  2  %  . 

1.18,8 

.  .  1  \  AC0 

8.8 

.  .  2\  . 

7.2 

1)  011  specimens;  2)  corrosion  by 
stringent  method,  g/m^;  3)  without 
antioxidants;  4)  with  antioxidants. 
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of  an  aluminum  delivery  tank  filled  with  the  oil  to  be  tested,  a 
rotary  pump  (BHK-12  AK)  driven  by  an  electric  motor,  and  cassettes 
for  six  lead  and  two  copper  plates.  An  electric  heater  with  a 
power  of  1  kW  Is  used  for  heating  and  maintenance  of  constant  oil 
temperature  during  the  test. 


TABLE  3^ 


Influence  of  Antioxidants  on  Corro¬ 
sive  Aggressiveness  of  H-11  Oil  and 
of  H-11  Oil  with  C5-3  Sulfonate  Add; 
tive 

1 

OftpaauM  Mac;ia 

2  Kopp03l<M  110 

HA.UI-l.  ilMt 

(ywccTO'fCii- 

iiuH  Mcroji) 

3Macflo  Jl-l\  6e3  npttiaAOK 

3';0 

4!  0  JKe  c  1  A4  A 

3,5 

.  c  1  HHXd  21 

0,9 

.  c  l-o  l  HXII  3a 

1.5 

•  1  %  1*2 

0,75 

.  c  1 A:iHHIM0 

19 

.  c  1  11  5 

0.75 

.  c  0,7  C.iiiro4io6-493 

2,2 

.  c  O.S'.,  ()J10A-267 

3.9 

A-11  c  5%  CB-3 

203.0 

“♦To  we  c  1 A't'A 

17,(» 

.  c  1  V  1  HXn-2l 

108,0 

■  c  I  I'lHxri'wii 

114,0 

.  T  1»,  P.. 

135,0 

.  c  1”,  A3HHH-IO 

344,0 

.  c  1".  ;i>p-ii  , 

3.0 

.  c  0,7  %  CaiiT04ioo-493 

0,8 

.  c  0,5%  0;10A-267 

1.5 

1)  Oil  specimens;  2)  corrosion  by 
stringent  KAMI  method,  g/m^;  3) 
J-11  oil  without  additives;  4)  the 
same  with;  5)  Santolyub. 


The  circulation  system  consists  of  aluminum  tubing,  which 
connects  the  delivery  tank  and  cassettes  to  the  pump  and  the  cas¬ 
settes  to  the  tank. 

The  constancy  of  the  test  regime  Is  monitored  with  a  thermo¬ 
meter,  which  measures  the  temperature  of  the  oil  before  It  Is  ad¬ 
mitted  to  the  cassette,  a  U-shaped  mercury  manometer,  which  meas¬ 
ures  the  oil  pressure  In  front  of  the  cassette,  and  a  rheometer, 
which  is  used  to  determine  the  amount  of  air  entering  the  intake 
system.  The  apparatus  operates  In  the  following  manner. 

The  oil  to  be  cested,  heated  to  a  predetermined  tempera¬ 
ture,  Is  forced  by  the  pump  from  the  delivery  tank  Into  the  cassette, 
whence  It  Is  sprayed  through  apertures  In  the  central  tube  onto  the 
heated  walls  of  the  delivery  tank  anl  flows  downward.  The  contact 
with  the  heated  delivery-tank  wallvS,  mixing  with  air,  and  contact 
with  different  metals  cause  rapid  o (Id? .ion  of  the  oil,  which  ra¬ 
pidly  washes  the  plate  surfaces  u  der  pressure  during  the  test, 
causing  them  to  corrode. 
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Fig.  7.  Diagram  of  PZZ  apparatus.  1)  Delivery  unit;  2)  pump;  3) 
heating  element;  tubing;  5)  rheometer;  6)  plate  cassette;  7) 
thermometer;  8)  manometer;  9)  plates.  A)  Air;  B)  oil. 


The  following  standard  test  conditions  are  maintained  In  eval¬ 
uating  the  crankcase  properties  of  oils  In  the  PZZ  apparatus: 

1)  test-specimen  volume  —  250  ml; 

2)  test  duration  -  2  h; 

3)  oil  temperature  at  entrance  to  cassette  -  125  +  1°C; 

4)  oll-clrculation  rate  —  125  +  5  llters/h; 

5)  amount  of  air  entering  Intake  pipe  -50+5  llters/h 
(measured  with  rheometer) . 

The  tests  are  conducted  In  the  following  manner.  Six  lead 
platfcS  Uype  C-1  or  C-2)  i'O  20  x  2  mm  in  size  are  cleaned  with 
fine  emery  paper  and  polisned  with  felt  until  lustrous.  The  polished 
plates  are  rinsed  with  benzene,  dried,  and  weighed  together  on  an 
analytic  balance  to  within  0.0002  g.  The  two  copper  plates  are  also 
cleaned  with  emery  paper  and  rinsed  In  benzene. 

The  prepared  lead  and  copper  plates  are  placed  in  the  appara¬ 
tus,  thoroughly  rinsed  after  the  previous  test,  and  tl;e  latter  Is 
as.-er.bled.  A  total  of  250  ml  of  the  oil  to  be  tested  Is  poured  Into 
the  delivery  tank  and  the  heater  Is  switched  on.  When  ihe  oil  temp¬ 
erature  in  the  delivery  tar.k  reaches  16u'’'’;,  the  apparatus  Is  started. 
As  soon  as  the  oil  temperature  at  the  entrance  to  the  cassette 
reacher.  150  +  I'^C,  a  standard  air-flow  rate  through  the  Intake  pipe 
Is  set  up  wlTh  a  clamp  on  the  ruober  hose  connecting  the  rheometer 
to  this  pipe;  the  oll-clrculation  speed  In  the  system  Is  then  ad¬ 
justed,  uulng  tne  reduction  valve  on  the  pump  to  set  up  an  oil  pres¬ 
sure  at  the  cassette  ent: anc?  corresponding  to  an  oll-clrculation 
rate  of  125  5  llters/h. 
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TABLE  35 


Comparative  Results  of  Evaluation  of  Corrosive 
Aggressiveness  of  Oils  by  PZZ  and  NAMX  Methods 
(GOST  8255-56) 
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The  oil  pressure  corresponding  to  th'  standard  circulation 
rate  is  determined  by  preliminary  calibration  of  the  apparatus. 

The  standard  oil  temperature  at  the  cassette  entrance  Is 
maintained  during  the  test  by  varying  the  current  supplied  to  the 
heating  element  with  a  rheostat.  Testing  of  one  oil  specimen  re~ 
quires  2  h.  The  time  for  which  the  apparatus  is  heated  In  order 
to  reach  standard  conditions  is  not  included  in  the  test  time 
and  should  not  exceed  10  min. 

After  the  apparatus  has  operated  under  the  proper  regime 
for  2  h,  the  oil  heater  is  switched  off,  the  air  supply  through 
the  intake  system  is  discontinued,  ana  the  hot  oil  is  poured  into 
a  graduate.  (In  order  to  obtain  more  of  the  oil,  the  electric 
motor  is  briefly  run  three  or  four  times.)  After  the  oil  has  been 
poured  off,  the  apparatus  is  disassembled  and  the  lead  and  copper 
plates  are  removed  from  the  cassettes  with  forceps  and  transferred 
to  a  bath  contalrdng  an  alcohol-'benzene  mixture  (1:3),  where  the 
corrosion  products  and  alcchol-benzene-soluble  oil-oxidation  prod¬ 
ucts  are  removed  from  their  surface  wJ th  cotton.  After  rinsing, 
the  lead  plates  are  transferred  with  forceps  to  filter  paper, 
dried,  and  weighed  on  an  analytic  balance  to  within  0.0002  g. 

When  the  delivery  tank  has  cooled  to  room  temperature,  the 
apparatu  Is  reassembled  and  rinsed  with  B-7C  gasoline. 

The  reru..' are  evaluated  after  the  test  has  been  completed. 


The  corrosion  properties  are  evaluated  from  the  change  In  lead 
plate  weight  per  unit  surface  area  over  the  test  period.  The  weight 
loss  Is  determined  from  the  formula 


A' 


0.01 


g/m^  , 


where  Ap  Is  the  difference  In  lead-plate  weight  before  and  after 
the  test,  In  g,  and 
0.01  Is  the  lead-plate  surface  area. 

Table  35  presents  the  results  of  a  comparative  evaluation  of 
the  corrosive  aggressiveness  of  different  oils  by  the  method  des¬ 
cribed  above. 


Analysis  of  the  data  In  the  table  enables  us  to  establish 
that,  as  a  result  of  the  more  rapid  circulation  of  the  oil.  Its 
greater  contact  with  the  air  and  heated  surfaces,  and  the  cataly 
tic  effect  of  the  copper  plate,  two-hour  corrosion  In  the  PZZ 
appara'^us  was  greater  than  10-hour  corrosion  by  the  NAMI  method. 


In  order  to  make  a  comparison  of  the  results  from  the  rela¬ 
tive  data,  we  will  group  the  specimens  tested  Into  definite  NAMI- 
corroslon  ranges  (g/m2): 

NAMI  Method  PZZ  Method 


0.2-0.25 
0.4-0. 8 
4.3-12.35 
up  to  51 


0.32-2.0 

0.16-1.7 

9.21-128.8 

130 


These  data  Indicate  that  both  greater  absolute  corrosion 
and  clearer  differentiation  of  corrosion  levels  occur  in  the  PZZ 
method  than  in  the  NAMI  method. 


§3.  LUBRICATING  AND  ANTIWEAR  PROPERTIES 


As  is  v/ell  known,  the  main  function  of  a  lubricating  oil  is 
to  reduce  wear,  friction,  and  accompanying  grabbing,  seizure,  etc. 
Gils  and  additive-containing  oils  having  given  antiwear  and  lubri¬ 
cating  properties  exhibit  these  functions  under  two  very  different 
sets  of  crankcase- lubrication  conditions:  boundary  and  hydrodynamic 

Boundary  lubrication  is  naturally  the  more  dangerous  from  the 
standpoint  of  engine  durability.  In  this  case,  the  prcpertles  of 
the  oil  are  determined  by  a  whole  series  of  characteristics  in¬ 
corporated  Into  the  concept  of  the  "lubricating  power”  of  oils. 

The  lubricating  power  of  sn  oil  can  be  defined  as  the  property 
that  creates  differences  In  filctlon  and  wear  when  the  oil  vis¬ 
cosity,  surface  character,  and  ot.her  factors  are  Identical  and 
constant . 

Without  dwelling  on  the  theory  of  lucrlcant  action,  which 
has  been  rather  thoroughly  discussed  In  worl'S  by  Soviet  [11-15] 
and  foreign  [l6-?0l  researchers,  we  can  note  that  the  problem  of 
procedures  for  evaluating  the  lubricating  power  of  motor  oils, 
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particularly  additive-containing  oils,  still  contains  large  blank 
areas,  despite  numerous  investigations  [21-23]#  A  substantial  pro¬ 
portion  of  the  work  that  has  been  done  was  Intended  to  study  the 
mechanism  of  the  lubricant  action  of  oils  and  additives  at  high 
and  moderately  high  pressures.  These  investigations  have  often  been 
limited  either  to  determination  of  the  maximum  loads  for  oil-film 
rupture  or  to  evaluation  of  the  coefficients  of  friction  under  dif¬ 
ferent  conditions. 

In  setting  out  to  make  a  comparative  evaluation  of  the  lubri¬ 
cating  and  antiwear  properties  of  additive-containing  motor  oils, 
we  proceeded  from  the  fact  that  the  friction-surface  wear  can  serve 
as  one  of  the  basic  criteria  for  such  an  evaluation. 

The  INKhP  (HHXn)  [Institute  of  the  Petrochemical  Industry] 
has  developed  a  procedure  for  testing  the  lubricating  power  of 
additive-containing  oils  in  an  MH-8  metal-wear  testing  machine. 
Figure  8  is  a  general  view  of  this  apparatus. 

A  total  of  200  ml  of  the  oil  to  be  tested  Is  roured  into 
the  oil  beaker,  where  It  is  heated  to  90°C  by  an  t  is-ctric  furnace, 
and  then  goes  to  the  oil  chest,  which  has  a  rotating  ring  at  the 
bottom. 

The  oil  is  returned  from  the  chest  to  the  beaker  by  a  pinion 
pump  driven  from  the  shaft  of  the  friction  machine.  The  oil  line 
has  cocks,  which  are  tised  to  maintain  a  constant  oil  level  in  the 
oil  chest.  The  temperature  of  the  oil  reaching  the  friction  couples 
is  always  held  constant  and  is  measured  with  a  thermocouple  connect 
ed  to  a  potentiometer. 


F^g.  8,  Friction  machine  for  determination 
of  oil  lubricating  power. 


The  tests  were  conducted  with  friction  couples  consisting  of 
the  outer  races  of  720k  radial-thrust  bearings,  which  have  an  out 
side  diameter  of  kj  mm.  With  the  upper  ring  stationary  and  the 
lower  ring  rotating  at  200  rpm,  the  sliding  speed  is: 
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g,G0.M6  n  -  0.aj2'r)-2fX)  0.492  m/s  . 

60 

The  volumetric  or  gravimetric  wear  per  unit  time  Is  taken  as 
the  basic  index  of  oil  antiwear  properties. 

With  friction  between  the  moving  lower  ring  and  the  station¬ 
ary  upper  ring,  a  hole  Is  formed  In  the  surface  of  the  latter  and, 
all  other  conditions  being  equal.  Its  size  depends  on  the  quality 
of  the  lubricating  oil,  the  load  on  the  ring  during  friction,  and 
the  sliding  speed,  which  In  turn  depends  on  the  speed  of  the  lower 
ring  and  the  quality  of  the  ring  friction  surfaces.  Evaluation  of 
the  volumetric  or  gravimetric  wear  from  the  width  of  the  friction 
crack  does  not  reflect  the  a  'tual  wear  pattern,  since  the  amount 
of  metal  removed  during  friction  Is  a  nonlinear  function  of  the 
friction-track  width. 

Actually,  the  weight  of  the  metal  removed  from  the  friction 
surface  is  determined  by  the  volume  enclosed  between  the  two  cylin¬ 
der  surfaces  and  eq'.'als  the  height  of  the  cylinder  genetrix  multi¬ 
plied  by  'cv.'lce  the  area  of  the  circle  segment  cut  off  by  the  chord 

a . 


For  the  circle  segment,  we  have: 


where  F'  is  the  segm.ent  area, 

r  is  the  radius  of  curvature, 

<p  is  the  central  angle, 

h  is  the  altitude,  h  =  2r  (slnT/2)^, 

8  Is  the  length  of  the  chord  cutting  the 

tral  angle  <P,  5- k  A~(2'-— A):  and 


I  Is  the  arc 


.ength. 


0.01 74532  V*- 


arc  I  at  the  cen- 


Slnce  the  factor  in  which  we  are  Interested,  the  volume  of 
metal  v  removed  from  the  ring  surface,  is  determined  by  the  product 
of  twice  the  area  of  the  circle  segment  by  the  length  of  the  cylin¬ 
der  genetrix,  we  have: 


r  r  i'  a  -  2/  'i»  -  \r  (/  —  s)  -i-  sAl  a, 
whence  the  weight  G  of  the  metaJ  removed  Is 

U 


where  y  Is  the  specific  gravity  of  t-.he  ring  material. 

Assuming  y  ■  7.05  g/cm^  and  knowing  that  2r  ■  Ay  mm,  and  a  « 
10  mm,  we  can  calculate  trie  weight  of  the  metal  removed  from  the 
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ring  surface  during  friction  as  a  function  of  the  friction-track 
width  8. 

Thus,  having  obtained  the  weight  of  the  metal  removed  from 
the  friction  surface  as  a  function  of  time  under  constant  load 
(P  =  150  kg)  from  a  series  of  experiments,  we  find  the  basic  para¬ 
meters  determining  the  character  of  this  function.  When  the  test 
specimens  have  been  sufficiently  worn  In,  the  dependence  of  the 
gravimetric  wear  on  time  is  expressed  by  a  linear  equation:  y  * 

-  ax  +  b^.  In  this  case,  the  slope  angle  a  of  the  line  repre¬ 
sents  the  wear  rate,  while  the  magnitude  of  the  constant  charac' 
terizes  a  certain  degree  of  initial  wear. 

Processing  of  Experire:.tal  Data 

If  we  designate  the  ring  wear  (mg)  as  j,  the  test  time  (h)  as 
t,  the  wear  rate  (mg/h)  as  k,  and  the  Initial  wear  (mg)  as  the 

change  In  ^  as  a  function  of  t  can  be  represented  as: 

?  -  I't  T  ^0. 

where  t  takes  the  following  values.  In  accordance  with  the  experi¬ 
mental  conditions:  =  1  min,  t2  =  10,  -  20,  ^24  *  30,  -  40, 

tg  =  50,  and  tj  =  60  min.  In  this  case  we  obtain  the  values  of 

^1*  ^2*  ^3*  ^4*  ^5*  ^6*  9  j  • 

Using  the  method  of  least  squares,  we  obtain: 

ig-k):t-gos=^o, 

where  a  Is  the  number  of  experiments. 

Hence : 

ft  « 

Having  substituted  the  known  values  s  *  7,  It  =  211,  It^  » 

*  9101  for  the  experimental  conditions  In  question  into  the  equa¬ 
tions  obtained,  appropriate  transformations  yield: 


1 

\) 

(1) 

2741 

1:  Zet 

ga'°^  —  304  =  1,31  I  g - . 

7  90 

(2) 

The  ring  wear  corresponding  to  the  initial  gravimetric 

wear  la  obviously  some  arbitrary  frlctlon-track  width  at  the 

beginning  of  application  of  the  load  P,  The  ratio  of  this  load 
to  the  area  T  •  d^l ,  where  I  Is  the  rlfir  width,  gives  an  Index 


characterizing  the  initial  bearing  capacity  of  the  oil  film  nQ  at 
the  load  in  question; 


TABLE  36 

Results  of  Motor-Oil  Tests  in  MM-8  Friction 
Machine 
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7)  Without  additives; 

8)  ;3^11  with  10$  of  mix¬ 

ture  of  CB-3  and  B<t*K 

(2:1); 

9)  The  same. 


1)  Oil  specimens; 

■')  Wear  rate,  mg/h; 

3)  Initial  friction 
track,  mm; 

^!)  Initial  strength 
of  oil  film, 
kg/cm^ ; 

5)  Machine  CY  without 

additives ; 

6)  The  same,  with; 


The  basic  lubricating-power  indices  are  thus  determined  by 
the  method  described  above  in  the  following  manner. 

Seven  experiments,  lasting  1,  10,  20,  30,  ^0,  50  and  60  min 
are  conducted  with  the  oil  to  be  tested.  The  load  on  the  friction 
rings  is  150  kg  and  the  lower  race  turns  at  a  speed  of  200  rpm. 

The  value  of  g  is  calculated  over  the  friction-track  width 
after  each  experiment  and  Ig  and  Zgt  are  determined  for  the  seven 
experiments.  Equations  (1)  and  (2)  are  then  used  to  determine  the 
values  of  k  and  ^q. 

The  "initial"  wear  Jo  corresponding  to  the  last  quantity  Is 
substituted  into  Formula  (3),  as  a  result  of  which  oo  is  found. 

Table  36  shows  the  results  of  an  evaluation  of  a  number  of 
motor  oils  by  the  .nethod  described  abov^e. 
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As  can  be  seen  from  a  comparative  study  of  the  initial  stress¬ 
es  In  a  boundary  lubricating  layer  during  tests  in  the  machine  des¬ 
cribed  above  (see  Fig,  9),  they  occupy  a  position  intermediate  be¬ 
tween  those  obtained  in  the  J1TTO-2  friction  machine  of  the  Leningrad 
Polytechnic  Institute  (contact  between  a  thrust  bearing  and  the  sur¬ 
face  of  a  cylindrical  rod)  and  in  a  friction  machine  of  the  "Falex” 
type  (INKhP). 

The  results  obtained  can  thus  be  used  for  a  comparative  eval¬ 
uation  of  the  antiwear  properties  of  additive-containing  oils  only 
to  the  extent  to  which  these  properties  are  manifested  during  con¬ 
tact  of  mlcrononunlf ormltles  in  the  contacting  surfaces,  where  high 
contact  pressures  can  occur.  Use  of  modern  research  techniques, 
particularly  radioactive  tracoi’s,  somewhat  broadens  opportunities 
for  evaluation  of  the  antiwear  properties  of  additive-containing 
motor  oils. 

An  INKhP  friction  machine,  whose  friction  unit  is  similar  to 
that  used  in  friction  machines  of  the  "Falex"  type,  vfas  employed 
to  investigate  the  antiwear  properties  of  steel  -  cast  iron  couples 
under  different  lubrication  conditions. 

The  wear  rate  was  determined  from  the  increase  in  the  radio¬ 
activity  of  the  oil,  which  proved  to  be  proportional  to  the  wearing 
of  radioactive  Co*®  bushings  Installed  in  cast  iron  thrust  bearings 
(Fig.  10).  The  oil  to  be  tested  was  forced  through  pipes  and  colls 
by  a  pump.  CTC-8  Gelger-Mueller  counter  tubes  and  devices  of  the 
"Tlss”  type  were  used  with  an  3nn-09  recording  potentiometer  to 
measure  the  oil  activity,  which  was  proportional  to  the  amount  of 
radioactive  Co*®  that  entered  the  oil  during  wearing  of  the  bearings. 


TABLE  37 

Antiwear  Efficiency  of  INKhP  Compound 
Additives 
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1)  Oil  specimens;  2)  OPI;  3)  the  same. 


Some  authors  use  a  wear-index  determination  [WID](onn)  in 
accordance  with  GOST  9^90-6C  to  evaluate  the  antlselzlng  and  anti¬ 
wear  efficiency  of  motor  oils  [2^4  ]. 

It  Is  natural  that,  as  a  result  of  the  higher  contact  pres- 
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Fig.  9.  Lubrlcating-fllm  stress  as  a  function  of  load  for  differ- 

H  ^7^0-2;  2)  MH-8  (by  INKHP  method);  3) 

four-ball  friction  machine  with 
balx  diameters  of  12.7  mm  (kj  and  19. 0  mm  (5).  A)  kgf. 


^^^Sram  of  apparatus  for  evaluating  antiwear  properties 
of  oils  with  radioactive  cobalt.  1)  Thrust  bearings  with  radioac¬ 
tive  Inserts;  2)  pipes;  3)  3nn-09  potentiometer;  5)  ’’Tlss"  devices 
5)  Gelger-Mueller  tubes;  6)  colls;  7)  pump. 


sures  (the  determination  is  made  with  balls  12.7  mm  In  diameter 
at  1^10  r/mln  In  a  four-ball  friction  machine),  the  evaluation 
motor-oil  properties  is  limited  to  a  narrower  range  of  specl^'lc 
conditions  than  may  actually  obtain. 


of 


The  poorly  differentiated  results  obtained  in  evaluating 
tno  antiwear  efficiency  of  different  compound  additives,  whlcn 
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are  given  In  Table  37,  can  also  be  explained  from  this  standpoint, 

§4.  OXIDATION  RESISTANCE 

The  high  temperatures  of  the  surfaces  of  many  engine  components, 
principally  those  of  the  cylinder-piston  assembly,  with  which  the 
lubricating  oil  Is  continuosly  In  contact  and  Its  exposure  to  fuel- 
combustion  products  and  atmospheric  oxygen  under  the  catalytic  ac¬ 
tion  of  various  metals  promote  rapid  oil  oxidation.  The  tempera¬ 
tures  at  which  a  lubricating  oil  operates  In  an  engine  reach  high 
levels,  particularly  In  the  vicinity  of  the  top  piston  ring. 

Data  on  the  temperatures  in  the  vicinity  of  the  top  ring 
groove  are  given  below  for  certain  types  of  compressive-ignition 
internal  combustion  engines  [ICEJ(HBC)  [2] 

Type  of  Engine  Temperature,  °C 


M  8.5/11 

150-160 

M  10.5/13 

212 

M  23/30 

212 

8  np  30/50 

— 

30  A 

200-210 

MH  18/20 

240-.-^50 

2H-100 

250 

As  is  now  recognized  by  many  researchers  [9,  <;5,  26],  the 
mechanism  of  oil-hydrocarbon  oxidation  under  these  conditions  in¬ 
volves  Intermediate  formation  cf  peroxides  and  free  radicals. 

It  is  generally  acknowledged  that  Indicated  oxidation  of  most 
organic  compounds  at  temperatures  below  300®C  proceeds  by  an  auto¬ 
matic  chain  mechanism,  in  which  the  stage  governing  the  overall 
reaction  rate  Is  decomposition  of  hydrogen  peroxide  [27-30]. 

The  rate  of  the  chain  reaction  can  be  reduced  by  two  methods 
[25]:  by  reducing  the  number  of  Initiable  chains  or  the  length  of 
the  reactive  chain.  Hence,  turning  to  possible  explanations  of  the 
action  mechanism  of  antioxidants  in  hydrocarbon-oxidation  reactions, 
we  must  point  out: 

suppression  of  the  development  of  new  chains,  l.e.,  inhibition 
of  hydrogen  peroxide  formation  by  deactivation  of  the  excited  or 
activated  atoms,  ions,  or  radicals; 

suppression  of  chain  transfer  or  branching,  l.e.,  reaction 
of  the  antioxidant  with  the  in-cerchangeable  radical; 

a  decrease  in  chain  length,  l.e.,  interaction  of  the  antioxi¬ 
dant  with  the  intermediate  product. 

However,  the  oxidation  rate  Is  not  always  a  reliable  criter¬ 
ion  for  evaluating  oxidation  resistance.  The  character  and  proper¬ 
ties  of  the  oxidation  products  are  no  less  Important.  Moreover, 
the  catalytic  effect  of  metals  exerts  an  Influence  on  oxidation 
reactions . 


The  interaction  of  the  various  factors  Involved  In  oil  oxida¬ 
tion  can  be  represented  dlagrammatlcally  in  the  following  manner; 


2 


1  KATA/lllTH'IKCKOI- 
ilEi'lCTBHE 

3  PEAKUHH 


M  F.  T  A  ;i  ;i 


0 


6  i<ii(;;i<)i'o;i 
?OKHC;iEMHr,  MAC;iA 

I 

8  Or.I’A.IOHAMHE 
KIIC/IIJX 
COEAHHEUnfi 


meta;i;iom 

4 

META;i;1HMtCKllE  MIJ/IA 

5 

PACTUOPEIIIIE  METAJIBA 


1  KATA/IHTM'IECKOE 

aeHctrme 


1)  Catalytic  effect;  2)  metal;  3)  reaction 
with  metal;  4)  metallic  soaps;  5)  metal 
dissolution;  6)  oxygen;  7)  oil  oxidation; 
8)  formation  of  acidic  compounds. 


It  can  thus  be  assumed  that  antioxidants  are  divided  into  two 
major  groups,  in  accordance  with  their  role  in  the  aforementioned 
Gil-oxldatlon  processes:  true  antioxidants,  whose  action  is  based 
on  interruption  of  the  oxidation  chain  reaction,  and  metal  deactiva¬ 
tors,  whose  action  is  based  on  formation  of  a  protective  film  that 
reduces  the  catalytic  activity  of  a  given  metal  surface.  Often, 
however,  the  catalytic  effect  is  exerted  not  by  the  metals  them¬ 
selves  but  by  the  products  of  their  reaction  with  the  active  com¬ 
pounds  present  in  the  lubricating  oil  or  formed  during  its  opera¬ 
tion. 


In  classifying  antioxidant  additives  on  the  basis  of  their 
action  mechanism,  some  authors  [26]  distinguish  deactivators  from 
passivators,  reserving  the  former  term  for  the  ability  to  reduce 
the  catalytic  activity  of  metallic  compounds  dissolved  in  oils  and 
the  latter  term  for  the  ability  to  form  films.  Moreover,  it  has 
been  pointed  out  that  potential  antioxidants,  whose  activity  is 
manifested  ns  a  result  of  their  interaction  with  oxidation  products 
and  ultimately  leads  to  formation  of  compounds  having  inhibitory 
or  deactivating  functions,  may  have  some  effect.  We  thus  return  to 
the  two  basic  functional  properties  of  antioxidants:  inhibitory 
and  deactivating  (passivating). 

Functional  properties  and  hence  their  evaluation  for  anti¬ 
oxidants  used  in  motor  oils  differ  in  a  number  of  other  charac¬ 
teristics,  which  we  will  briefly  consider. 

First  of  all,  in  contrast  to  the  well  known  antioxidants  used, 
for  example,  to  stabilize  fuel  oils,  their  functional  properties 
should  be  strictly  correlated  with  those  of  other  types  of  addi¬ 
tives  present  in  compounds  for  modern  motor  oils.  Thrs,  if  some 
antioxidants  react  with  metal  surfaces  to  form  films  more  or  less 
Impermeable  to  oxidation  products  on  the  one  hand  and  permit  dif¬ 
fusion  of  dissolved  metal  into  the  oil  on  the  other,  the  simul¬ 
taneous  presence  of  a  detergent  additive  in  the  compound  can  pro¬ 
mote  dispersion  of  the  films. 

Furthermore,  the  action  of  detergent  additives  is  known  to 
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TABLE  38 


Influence  of  /1323IC  Additive  on  the 
Oxidation  Resistance  of  H-11  Oil 


1 

Oup.'isiiM  M.i(;;ia 

Koppo'IHH 
iKj  HAMM, 
,‘/m-  (vwcc- 

TO'll^llilMH 
y  M'liOA) 

-  3 

4 

H-ll  fJci  lipiicn-iKii 

.’00 

2.T 

A  ll-i  o/i",. 

i  l.'I! 

jr, 

1  13.1 

!  1 

.34 

1)  Oil  specimens;  2)  NAMI  corrosion, 
g/m^  (stringent  method);  3)  min;  4) 
without  additives. 


take  the  form  of  holding  solid  particles  insoluble  In  oil  in  a 
suspended  state.  This  functional  characteristic  of  the  "cleansing" 
action  of  additives  can  have  a  direct  influence  on  the  efficiency 
01  an  antioxidant  Included  in  the  same  composition  with  a  deter¬ 
gent  additive.  Essentially,  the  reaction  rate  and  Induction  per¬ 
iod  are  materially  affected  by  the  solid  phase  whose  activity  is 
manifested  In  catalytic  action.  The  catalytic  activity  of  a  solid 
phase  dispersed  In  oil  naturally  depends  on  Its  total  surface, 
while  the  latter  depends  on  the  degree  of  dispersion. 

Thus,  the  detergent  efficiency  of  an  additive,  which  Is 
manifested  In  a  greater  or  lesser  dispersing  capacity,  indirectly 
affects  oll-oxld^tion  processes. 

Interpretation  of  the  action  mechanism  of  other  lubrlcating- 
compound  components  from  the  standpoint  of  their  influence  rn 
the  direction  end  rate  of  contact-oxidation  processes  is  also  of 
Interest.  For  example,  it  can  be  assunied  that  the  antiseizing  ac¬ 
tion  of  various  additives,  which  promotes  a  decrease  in  contact 
temperatures,  can  also  affect  the  degree  of  oxidation.  Experiments 
conducted  to  evaluate  the  influence  of  J13-23k  antiseizing  addi¬ 
tive  on  the  oxidation  resistance  of  motor  oils  (Table  38)  have 
shown  that  a  rise  in  Its  concentration  in  ^Q-ll  oil  Increases 
oxidation  resistance. 

The  oxidation  resistance  of  motor  oils  can  be  most  simply 
characterized  by  evaluating  their  Inhibition  capacity,  their 
oxidation  rate,  and  the  activity  of  the  acidic  compounds  formed. 

The  first  index  can  be  established  from  the  Induction  per¬ 
iod  determined  by  the  A.iHUM  method  [25].  The  average  oxidation 
rate  can  be  found  from  the  amount  of  oxygen  absorbed  per  unit 
time,  as  well  as  from  data  obtained  in  tests  of  oil  oxidizability 
by  the  A.'HMH  method.  Finally,  the  activity  of  the  acidic  compounds 
formed  is  evaluated  from  the  corrosion  of  m.etal  in  the  oxidized 
oil,  as  was  pointed  out  above. 
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TABLE  39 


Evaluation  of  Oxidation  Resistance  of  Oils  from 
Apsheron  Crude  Oil 


1 

OOpaauw  M.ic.ia 

i 

;  2  1 
1 

.  UCf 

1 

1 

1 

i 

1 

1  _  3 

5 

•  j 

•i 

o 

1  2 

!  0 

1  ^ 

4 

Kokc, 

% 

5 

CT.jrm.ii.Mcc- 
Tl»  Ilf) 

AillMM, 

XUH 

1 

8 

.3 

1 

Z  i 

*  1 

.n  i 

-  3 

1  i 

1  T 

7.  n 

^  ^ 

r_.  «  V 
U  =:  n 

6 

!3 

N 

5'il 

^  'j 

y  ! 

c 

-J 

r,  * 

sD  :z 

1  i  2 

I’S 

o  s 

1  0 

(sr.noiiiiuii  oc'ip.,  icii) 

i  1 

\  ■”  1 

1 

1 

i 

1  1 

.'liiciiii.Dir  ,iiiTn.ia-I0  ii.J 

1  1 

1 

Kiiii  iiL'i|irii 

i0,0Ji,0 

2,56 

0,4-1 

4 

50 

23', 

0,434 

1  2 

Aiirii.i-IO  iM  f)Hii.'irj'ii(i;rKi.it  ik'((>tii. 

i 

o'lii  nitiiiiuii  150%  4)vp<i>vp')M,  15“„ 

!  1 

1 

1 

i  0,0109 

0,36 

6.25 

8 

06 

07 

1  0,227 

1  3 

To  ue,  o'liiuiCH  I'C",;  (jivpiltypo.ia. 

)  1 

1  'i,  KirnoTij,  5%  I'.ijciw 

1  0,0100 

0,38 

0,17 

15 

180 

70 

0,121 

1  4 

Tiir ri..n.ii'T  .iirro,in-10  -i;)  iictiiTii 

•  1 

i  '  ' 

j 

.1  !(’l|)IHill.lX  K.imiich* 

0,9310  3,37 

0.44. 

3 

45 

i  400  ! 

o,-i7r) 

1  5 

Aiiro.i-K)  li.i  iic(|mi  .i  K.im- 

i 

j 

lii'ii",  o'lMUicMiiuii  150% 

1  '  1 

1 

1  1 
1 

i 

.Til,  15%  r.iHiii.1 

0,0083 

0,18 

0.2 

11 

138  j 

^2  ! 

1 0,157 

1  3 

To  >i<c.  o'i;imc;i  1*0%  cjivpipvpo.ia,  1  % 

,  . 

j  1 

KilC.10TI4,  5  %  r.lllllM 

0,0056 

0,5 

0,15 

34 

I  230  1 

50 

0,097 

1  6 

iUCTH.-i.lHT  iUlTO.M-lO  Cj.iax.TllCKoii 

1 

iic(i)Tit 

0,9116, 

2,.3r 

0,2 

65 

225  1 

— 

0,125 

1  7 

Aiito.i-10  n:i  o.i.inxiTicKoii  Mnc.'.flnoiT 

i 

1 

iiC(i)Tti,  o'ininoiii:i.!ii  150%  (}ivp<!iv. 

,  1 

1 

pijia,  15%  r.iinii.i 

0,8096  0,77 

0  13 

14 

155 

125 

0.141 

1  3 

To  -Ko.  o'liiiucH  150%  fjivpdivpo.ia.  1  % 

.  1 

KHC.IOTIil,  5%  r.lHlIW 

;0,898.'>. 

■  1 

0,8 

0.1 

38 

002 

Kf) 

0,076 

1)  011  specimens;  2)  specific  gravity ® ;  3)  acid  number,  mg  KOH; 
4)  coke,  %•,  5)  A3HHM  stability,  min;  6)  induction  period;  7)  total 
oxidation  time;  8)  corrosion  by  Pinxevich’s  method,  g/m^;  9)  aver¬ 
age  oxidation  rate  from  amount  of  oxygen  absorbed,  mg/mln;  10) 
type  10  automotive  oil  (standard  specimen);  11)  type  10  distillate 
from  Blnagadinskoye  crude  oil;  12)  type  10  from  Blnage dlnskoye 
crude  oil,  refined  with  15056  furfurol  and  15^  clay;  1:)  the  same, 
refined  with  15056  furfurol,  156  acid,  and  556  clay;  l4)  type  10  dis¬ 
tillate  from  Neftyanyye  Kamnl  crude  oil;  .15)  type  10  j.rom  Neftyanyye 
Kamni  refined  with  150$  furfurol  and  15$  clay;  l6)  type  10  distil¬ 
late  from  Balakhanskoye  crude  oil;  17)  type  10  from  Balakhanskoye 
crude  oil  refined  with  150$  furfurol  and  15$  clay. 


Table  39  presents  data  showing  the  change  In  the  aforemen¬ 
tioned  Indices  for  different  motor  oils  from  Apsheron  '•rude  oils. 

It  can  be  seen  that  there  Is  a  simultaneous  Improvement  In 
inhibition  capacity,  a  decrease  In  oxidation  rate,  and  a  drop  In 
corrosion  rate  as  the  oil  distillates  are  more  highly  refined. 
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Under  certain  conditions,  evaluation  of  motor-oil  oxidation 
resistance  from  the  amount  and  character  of  the  final  oxidation 
products  (the  sediment  content  and  viscosity  of  the  oxidized  oil) 
yields  only  final  results.  The  experimental  conditions  are  of  mater¬ 
ial  importance  in  this  case.  For  example,  comparing  the  sediment 
formation  determined  by  tne  PZZ  method  (oxidation  at  150®  for  2  h) 
with  that  determined  by  tne  NAMI  method  (oxidation  at  200° C  for 
50  h),  it  can  be  seen  that  there  is  a  difference  in  both  the  ex¬ 
tent  and  rate  of  the  oxidation  processes  (Table  ^10). 


Actually,  on  the  basis  of  the  absolute  percentage  sediment 
content  of  the  oxidized  oil,  substantially  less  sediment  was  formed 
with  a  shorter  experiment  duration  and  a  reduced  temperature.  Oxi¬ 
dation  is  therefore  relatively  mild,  but  the  average  rate  of  the 
oxidation  processes  can  be  more  clearly  distinguished  in  this  case. 
This  is  graphically  shown  by  base  oils  from  Bakinskoye  and  Eastern 
crude  oils  and  in  additive  tests  (with  different  concentrations  of 
AH-22k  mixed  with  CB-3). 


TABLE  lO 


Comparative  Results  of  Determination 
of  Sediment  Formation  ($)  in  Oils  by 
PZZ  Method  and  of  Tht;rmooxldatlon 
Resistance 


5 


\ 

06pa3uu  »ac;i3 

Mctoa  I 
n33(T-pa' 
i  ir>o“,  1 

iHctr,) 

TcpMOOKHC-* 

1  aHTi^abHaa 
CTaOMflbMOC- 

tb  (T-pa  200'*, 

HCII. 

3  50  «) 

il-11  '^iiKH'ICKOC  ' 

.7. 

G.76 

AC- 11  HKH 

0,36 

5,53 

AC-G  HK3 

0.52 

9,15 

MtllllllMMOC  cy 

3.97 

8.13 

AC-f>,5  HK3 

0,755 

5,88 

AC-G  OaKHHCKOe** 

3, GO 

8,42 

AK-10  fiaKHi.CKpe  ** 

1,54 

13,75 

A-I!  fiaKMHCKoe-r  10%  CB-3 1  ^ 
AH-22 

057 

12,09 

To  me  -t-  10%  CB-3  -f  2%  AH-22 

0.«2 

15,29 

.  -i-10%  CD-3 -3%  AH-22 

i  ■ 

16.49 

-*.8%  G«K-S 

1  0,71 

5,09 

,  -t-K%  D<^K-S 

!  0.71 

4,01 

4-5%  Ai'iHii-y 

!  1.1 

8.63 

,  -t  5%  A  .1-'  ■  7 

I  1.2 

11,67 

1)  Oil  specimens;  2)  PZZ  method  (temp¬ 
erature  -  150°,  test  time,  2  h);  3) 
thermooxidation  resistance  (tempera¬ 
ture  200°,  test  time,  50  h);  4;  Bakin¬ 

skoye;  5)  Machine  CV;  6)  the  same. 


§5.  MOTOR-OIL  VOLATILITY 


The  behavior  of  an  ICE  lubricating  oil  at 
is  governed  both  by  its  chemical  stability  and 
The  overwhelming  majority  of  modern  motor  oils 


high  temperatures 
by  its  volatility, 
are  multicomponent 


mixtures.  In  order  to  evaluate  and  coitpare  their  volatilities,  we 
therefore  cannot  use  data  on  the  relative  amount  of  oil  volatilized 
under  E^-ven  conditions. 


Fig.  11.  Volatility 
curves.  1)  Volatil¬ 
ity;  2)  time,  h. 


The  inapplicability  of  this  index  to 
multicomponent  mixtures  is  due  to  the  fact 
that  the  vaporization  rate  for  solutions 
is  maximal  at  the  beginning  of  the  process 
and  then  decreases  as  the  low-boiling  frac¬ 
tions  are  removed  from  the  mixture  [36]. 

Under  these  conditions,  the  vaporiza¬ 
tion  of  two  multicomponent  solutions  over 
definite  time  intervals  and  ^2 

can  be  evaluated  differently  as  a  result 
of  the  difference  in  vaporization  kinetics. 
On  tnls  basis,  kinetic  vaporization  curves 
can  be  used  to  obtain  a  sufficiently  com¬ 
plete  characterization  of  a  multicomponent 
ml xture . 


The  investigations  of  V.M.  Martynov  [371  and  F.K.  Vol'nets 
[38]  have  shown  that  oll-vaporlzatlon  kinetics  can  be  described 
by  the  equation: 


ast 

go 


Where  a  and  b  are  constants, 

2 

0  is  the  evaporation  surface  in  cm  , 
is  the  initial  weighed  portion  in  g, 

V  is  the  proportion  of  material  vaporized,  and 
t  is  the  time. 


This  expression  can  be  used  to  compare  the  results  obtained 
in  evaluating  oil  volatility  under  different  conditions. 

In  addition,  the  evaporation  rate  of  lubricating  material: 
having  a  low  saturated-vapor  tension  is  described  by  the  equation 
[36]: 


''  Y  ’ 

2 

where  V  is  the  evaporation  rate  in  g/cm  s'", 

T  is  the  absolute  temperature,  and 
A  anu  B  are  constants. 

Use  of  this  equation  to  calculate  evaporation  rates  under  dif¬ 
ferent  test  conditions  makes  It  possible  to  obtain  a  quite  clear 
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TABLE 

Comparative  Heaults  of  Determina* 
tlon  of  Oil  Volatility  (X)  by  PZZ 
Method  and  En^.ne  Volatility  by 
Papok's  Method 


1 

OSpMtU  HtCM 

m.4i 

cpeMS 
Mcn.  2«) 

Fla* 

W 

t^a  Hen. 
30  jmw) 

il-Il  SaKHHCKoe 

10 

88 

AC-ll  HK3 

8 

80.1 

AC-6  HK3 

6 

03.5 

MlDIHHHOe  CV  S 

7 

04 

AC-9,5  HK3  / 

0 

78.5  • 

AC-6  6aKHHCKoe  » 

19 

03 

AK*I0  OaKifHCKoe  4 

12 

MC-2G  rposHCHCKoe  s 
Jl-ll-6aKHHCKO(^10A  CB-3-f-l«AH-22 

10 

66.3 

10 

82  • 

To  we’  -fl0»  CB-3-t  2»AH-22 

10 

74.7, 

CB-3-f3x  AH-22 

10 

75.8 

.  A3HMM-7 

11 

.  -f8%  B<t>K 

16 

81 

.  -rSX  B‘«>K+4x  CB-3 

16 

78,6 

,  “^8%  C6‘3 

10 

80,0' 

AC-6  HK3-^8x  BOK. 

9,6 

94 

1)  011  specimens;  2)  PZZ  method 
Uemptrature  —  150®C,  test  time, 

2  h)j  3)  Papok’s  method  (tempera¬ 
ture  -  250®C,  test  time,  30  min); 

Baklnskoye;  5)  Machine  CV;  6) 
Gruznenskoye;  7)  The  same. 


characterization  of  the  volatility  of  multicomponent  solutions,  a 
class  to  which  motor  oils  belong.  Table  4l  is  a  comparison  of  the 
volatilities  of  a  number  of  motor  oils. 

Processes  other  than  evaporation,  such  as  decomposition  and 
oxidation,  occur  under  given  conditions.  Oil- consumption  kinetics 
are  naturally  also  determined  by  the  rate  of  the  processes  accom¬ 
panying  vaporization,  which  brings  the  determination  conditions 
closer  to  operating  conditions. 

$6.  PROPERTIES  OF  OILS  CONTAINING  THICKENING  ADDITIVES 

In  engine  starts  at  below-freezing  temperatures,  oil  viscosity 
Is  known  to  detemnlne  both  the  possibility  of  starting  (without 
preliminary  heating)  and  the  starting  wear  on  the  engine  components, 
which  amounts  to  50-60X  of  total  wear  In  winter.  For  exaa^le,  the 
starting  wear  in  the  rA3-51  engine,  which  operate!  with  type  6 
automotive  oil,  is  known  to  be  four  times  greater  at  a  temperature 
of  -2k  or  -25*C  than  at  above-freezing  t«?«p#raturc3  (10*C).  The 
engine  wear  during  a  single  start  Is  equivalent  to  that  produced 
by  2G0-300  km  of  vehicle  travel. 
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As  for  the  possibility  of  starting,  the  resistance  to  crank¬ 
shaft  rotation  when  the  oil  viscosity  is  extremely  high  is  so 
greatly  Increaseci  that  the  starter  cannot  provide  the  minimum  num¬ 
ber  of  engine  revolutions  necessary  for  starting  and  it  is  impos¬ 
sible  to  start  without  first  heating  the  engine. 

According  to  the  data  of  various  researchers  [39],  the  follow¬ 
ing  viscosities  are  necessary  for  normal  engine  starting  at  the 
temperatures  Indicated; 

Starting  Temperature,  °C  Kinematic  Viscosity,  cSt 


-12 

7200 

-15 

6500 

-18 

5100 

to  8700 

-23 

1000 

to  5400 

-26 

3000 

to  3300 

Moreover,  high-quality  SAE-30  distillate  oil  with  a  viscosity 
index  of  86  has  a  viscosity  of  18,000  cSt  at  -17.8°C,  J3C-8  oil 
produced  from  Eastern  crude  oil  has  a  viscosity  of  l8,000  cSt  at 
— 20®C,  and  AC-10  oil  produced  from  Bakinskoye  crude  oil  (with  a 
viscosity  index  of  £l)  has  a  viscosity  of  17,000  cSt  at  — 10°C. 

This  situation  forces  consumers  to  switch  to  special  winter  oils 
with  reduced  viscosity  for  cold  weather,  but  some  of  those  (AC-o) 
cannot  provide  the  maximum  permissible  viscosity  at  starting  temp¬ 
eratures  below  -20°C. 

The  lower-temperature  properties  of  oils  are  especially  im¬ 
portant  in  the  Soviet  Union,  where  50J  of  the  nation  has  a  cold- 
weather  period  (with  temperatures  below  0°C)  lasting  130-300  days 
per  year,  while  the  average  January  temperature  ranges  from  -20 
to  -50° C. 


The  problem  of  producing  lubricating  oils  witVi  a  viscosity 
index  permitting  their  use  at  any  time  of  year,  providing  both 
normal  starts  at  below-freezing  temperatures  and  the  requisite 
viscosity  at  engine  working  temperatures  was  solved  by  Ye.G.  Semenido. 
He  proposed  a  method  of  producing  special  oils  (thickened  oils)  by 
dissolving  a  standard  fractional  compound  of  various  polymer  addi¬ 
tives  that  improve  solution  rheological  properties*  in  an  low-vis¬ 
cosity  oil  base  (3.5-^  cSt  at  100°C)  [40]. 

The  use  of  polymei’  additives  is  based  on  the  fact  that,  when 
small  amounts  of  these  compounds  are  added  a  lcw-viscosli'y  oil 
base,  the  viscosity  Index  of  the  latter  Is  changed  only  slightly, 
while  the  viscosity  of  the  solution  is  greatly  Increased.  The  fore¬ 
going  is  clarified  by  the  curves  in  Fig.  12. 

Let  us  assume  that  a  given  oil  should  have  a  viscosity  vi  at 
a  working  temperature  If”  this  oil  is  produced  by  vacuum  dis¬ 

tillation  of  mazut,  followed  by  refining,  its  viscosity  at  starting 
temperatures  is  too  high  (curve  3).  In  order  to  obtain  an  oil  with 
good  low-temperature  nropertles,  a  lovf-vlscoslty  oil  with  a  sloplnr 
viscosity-temperature  curve  (1)  Is  used  and  Its  viscosity  at  ttie 
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working  temperature  is  brought  vi  by  dissolving  a  polymer  additive 
in  it . 


Pig.  12.  Viscosity  as  a  function 
of  temperature.  1)  Low-viscosity 
oil;  2)  the  same  oil  thickened 
by  polymer  additive;  3)  ordinary 
oil.  A)  Viscosity,  cSt;  B) 

C)  temperature,  °C. 


The  so-called  thickened  oil  thus  produced,  which  has  the  re¬ 
quisite  viscosity  at  retains  a  viscosity  index  (curve  2) 

close  to  that  I’epresented  by  curve  1. 

The  effect  involved  in  producing  an  oil  with  good  viscosity- 
temperature  properties  by  thickening  a  low-viscosity  base  is  due 
principally  to  a  change  in  the  molecular  composition  of  the  poly¬ 
mer,  which  should  provide  a  very  slight  thickening  effect  at  low 
temperatures  but  a  very  pronounced  one  at  high  temperatures. 

The  best  possible  approaches  to  alteration  of  the  operating 
properties  of  thickened  oils  by  selection  of  effective  additives 
are  based  on  a  sufficiently  clear  understanding  of  the  physico¬ 
chemical  end  physicomechanlcal  principles  of  the  thickening  ac¬ 
tion  of  th?  additives  most  widely  used  at  present  as  thickening 
agents  for  motor  oils. 

On  the  other  hand,  experience  in  the  use  of  motor  oils  thick¬ 
ened  with  additives  of  tills  type  has  shown  that  great  attention 
should  be  paid  to  the  rever'slble  and  Irrevei'slble  decrease  in  the 
viscosity  of  thickening-additive  solutions  in  oils. 

The  effectiveness  with  which  polymer  additives  can  be  used 
in  motor  oils  is  thus  in  large  measure  determined  by  the  possibil¬ 
ity  of  getting  a  clear  idea  of  the  two  main  action  mechanisms  cf 
such  additives,  thickening  and  destruction,  which  are  closely  re¬ 
lated  . 

Investigation  of  various  aspects  of  the  phenomena  constitut¬ 
ing  the  basis  for  the  action  cf  polymer  additives  touches  on  a 
number  of  rather  general  problems,  rr'ine  among  which  are  molecu- 
lar-k'netlc  and  theirnio  iynasilc  relntl  onsiilns ,  the  rheology  of  poly- 


mer  solutions,  the  structural  mechanics  of  polymer  chains  from  the 
standpoint  of  their  resistance  to  different  types  of  energy  factors, 
chemical  analysis  of  polymer  systems,  and  kinetic  investigation  of 
the  possible  transformations  in  such  systems. 

Polymer  solutions  in  mineral  oils  are  colloidal  solutions  of 
the  macromolecules  making  up  the  liquid  phase.  A  system  of  this 
type  also  occurs  during  prolonged  interaction  of  the  particles, 
which  leads  to  their  association.  W.  Ostwald  [4i]  named  such  sys¬ 
tems  isocoliolds . 

A  number  of  researchers  support  the  theory  that  solutions  of 
polymer  additives  in  mineral  oils  have  a  colloidal  or  isocolloldal 
structure  [39,  ^0].  However,  there  are  some  who  feel  it  Improbable 
that  solutions  of  high-polymer  compounds  In  oils  are  colloidal  in 
nature.  Thus,  V,L.  Val'dman  showed  [^2]  that  a  positive  feature  of 
polymer-containing  oils  is  their  less  pronounced  manifestation  of 
the  plasticity  and  thixotropy  characteristic  of  colloidal  systems 
at  bclow-normal  temperatures.  It  was  found  that  the  critical  temp¬ 
eratures  corresponding  to  the  transition  from  the  state  where  the 
solution  behaves  as  a  Newtonian  fluid  to  the  state  where  It  dis¬ 
plays  the  properties  of  a  non-Newtonian  fluid  are  10-12°  lower  for 
polymer-thickened  oils  than  for  ordinary  oils. 

The  thixotropy  .index,  determined  from  the  ratio  of  the  maximum 
and  minimum  viscosities  with  a  hysteresis  loop,  is  3-5  times  greater 
for  ordinary  oils  than  for  thickened  oils. 

However,  since  the  experimental  data  obtained  by  the  authors 
in  question  relate  to  oils  differing  In  chemical  nature,  the  in¬ 
fluence  of  this  factor  naturally  must  be  taken  into  account. 

There  are  different  interpretations  of  the  mechanism  under¬ 
lying  the  rise  in  viscosity.  Thus,  the  effect  of  polymers  [43]  is 
due  in  part  to  an  addlt.ive  Influence.  Polymers  themselv  -s  are  known 
to  have  viscosity-temperature  curves  with  small  slopes.  Some  of 
them,  however,  produce  a  greater  effect  than  can  be  attributed  to 
an  additive  action. 

Evans  [44]  explained  the  influence  of  polymer  additives  on 
viscosity  Index  as  resulting  from  the  differing  solubility  of  the 
polymers,  which  can  be  in  a  state  of  true  solution  or  of  colloidal 
solution,  depending  on  temperature.  He  advanced  the  hypothesis  that 
system  viscosity  Is  influenced  by  an  associative  effect  leading  to 
formation  of  filamentous  structures.  Thus,  there  Is  an  abrupt  In¬ 
crease  in  viscosity  at  the  critical  point  corresponding  to  the 
transition  to  the  filamentous  state. 

A  material  influence  on  the  variation  in  the  vlscos.ity  of 
thickening-additive  solutions  Is  exerted  by  t’.e  change  in  the  en¬ 
ergy  expended  by  the  fluid  stream  in  overcoming  obstr.Cxes  result¬ 
ing  from  the  differing  shapes  of  the  microparticles.  In  the  simp¬ 
lest  case  (spherical  particles),  the  Increase  in  viscosity  Is  des¬ 
cribed  by  the  well-known  Einstein  equation  [46]: 
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vjhere  n  and  tIq  are  the  viscosities  of  the  solution  and  medium  and 

Is  the  portion  of  the  total  volume  occupied  by  the  particles. 

For  anisodiametrlc  particles,  we  introduce  a  correction  not  for 
the  subunit  size  but  for  the  chain  length  L: 

f  /’  I*  \ 

1)  =  %  1  1  Cl  ~-9  +  Cj  --  f  . 

\  ir  / 


where  and  C2  are  constants. 


When  the  solution  contains  particles  carrying  an  electric  double 
layer,  the  viscosity  is  determined  by  the  electroviscosity  effect 


r, 


I 


2  It 


where  X  Is 
e  Is 
?  is 
r  Is 
k  Is 


the  electrical  conductivity, 

the  dielectric  constant  of  the  system, 

the  potential  difference  of  the  electric  double  layer, 

the  mean  particle  radius,  and 

a  constant. 


The  differing  behavior  of  polymer  molecules  in  solution  can 
be  attributed  to  the  fact  that  they  are  poorly  "solvated’,'  compact, 
and  folded  at  low  temperatures  and  highly  ’’solvated’’  and  thus  elon¬ 
gated  at  high  temperatures  [391. 

The  degree  of  molecular  solvation  determines  the  achievable 
Increase  in  viscosity  index.  Solvation  Is  the  interbonding  of  solute 
molecules  and  solvent  particles.  Hence  it  follows  that  the  viscosity- 
temperature  properties  of  thickened  oils  depend  both  on  the  charac- 
tei'istlcs  of  the  polymer  additive  employed  and  on  the  nature  of  the 
solvent  (low-viscosity  base).  The  differing  character  of  the  inter¬ 
action  between  polymer  molecules  and  different  solvents  can  be  at¬ 
tributed  to  the  fact  that  the  polymer  molecules  attract  one  an¬ 
other  In  a  poor  solvent;  the  solvent  is  forced  out  of  the  coll  un¬ 
der  the  action  of  the  1 ntermolecular  forces.  The  average  molecule 
is  a  mass  of  small  volume.  In  a  good  solvent,  a  long-chain  molecule 
is  surrounded  by  a  solvation  shell,  which  prevents  contact  with 
other  polymer  molecules  [48,  49].  The  average  molecule  has  a  chain 
structure  in  this  case.  The  polymer  thus  pro/ides  a  low  system  vis¬ 
cosity  in  the  former  case  and  a  high  one  ir  the  latter  case. 

The  effect  of  temperature  on  inherent  viscosity  also  varies  as 
a  function  of  solvent  nature.  An  increase  in  temperature  in  a  poor 
solvent  leads  to  strai gntenlng  of  the  structure  and  hence  to  an  in¬ 
crease  in  Inherent  viscosity,  while  a  rise  in  temperature  ir.  a  good 
solvent  leads  to  a  decrease  in  inherent  viscosity. 

Tno  thickening  effect  of  a  linear  polymer  in  a  poor  solvent 
thus  Increases  with  temperatur*e . 


Certain  problems  in  the  structural  mechanics  of  thickening-additive 
mo  I  ecu  i  es 


According  to  current  views,  the  attractive  forces  between  two 
neutral  mlcromolecules  are  essentially  caused  by  a  dispersion  inter¬ 
action  . 


In  general  form,  the  total  interaction  energy  U  of  two  particles 
can  be  expressed  by  the  formula: 

II  ^  f  P2  ,  2  .2  I  3  /]/}  \ 
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where  r  is  the  distance, 

and  pg  are  the  dipole  moments, 
ci^  and  02  are  the  polarization  coefficients. 


and  1 2  are  the  polarization  potentials, 
k  Is  Boltzmann's  constant,  and 
T  is  the  temperature. 

The  recently  developed  electromagnetic  theory  of  attractive 
forces,  which  is  the  basis  of  the  notion  of  the  Interaction  of  so¬ 
lids  through  radiative  or  fluctuating  electromagnetic  fields,  has 
been  extended  to  the  interaction  of  liquid  phases  [52].  Polymer 
molecules,  which  are  essentially  characterized  by  a  chain  struc¬ 
ture,  undergo  transformations  in  which  their  structure  can  either 
remain  unchanged  or  be  deformed.  The  aforementioned  basic  laws  of 
particle  interaction  are  applicable  to  both  cases. 

Under  definite  conditions,  we  can  speak  of  the  elastl:  proper¬ 
ties  of  molecula:-  structures  or  of  the  structural  mechanics  of 
chain  '.Tiacromolecules ,  a  class  to  whlf'h  thl v,kenlng-addltive  mole¬ 
cules  belong. 

Investigations  have  been  successfully  conducted  in  the  struc¬ 
tural  mechanics  of  poly:aers  as  a  result  of  the  development  of  ef¬ 
fective  techniques  for  x-ray  diffraction,  electron  diffraction, 
and  optical  (Infrared  spectroscopy  and  molecular  scattering)  analy¬ 
ses  . 

The  structure  of  polymer  chains  is  characterized  by  definite 
interatomic  distances,  which  are  determined  by  the  angles  between 
the  valence  bonds  and  the  structural  repetltlor  period,. 

Investigation  of  the  structure  of  organic  compounds  has  shown 
[53]  that  the-  minimum  potential  energy  of  two  noncovalently  bonded 
carbon  atoms  in  organic  molecules  corresponds  to  a  distance  of 
3.6  K.  If  this  distance  is  shorter,  the  structure  is  stressed. 

During  formation  of  chain  macromolecules,  in  which  the  Inter- 
r.o] t~cular  b-'^ndlnr  results  from,  dispersion  forces,  their  stability 
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Is  governed  by  the  thermal  factor  find  by  the  flow-rate  gradients. 

According  to  Ya.N.  Frenkel’  [51],  breakage  of  molecular  chains 
results  from  weakening  of  the  dispersion  forces.  The  total  number  f 
of  possible  configurations  that  a  linear  chain  molecule  consisting 
of  n  subunits  can  adopt  Is  iV  «  2^“^.  When  the  number  of  degrees  of 
freedom  for  subunit  arrangement  i.s  Increased,  there  la  also  a  rise 
In  the  number  of  theoretically  possible  Isomers. 

Not  all  Isomeric  conflgurfstlons  are  equally  probable  in  thermo¬ 
dynamic  terms,  so  that  the  conflgu.’atlon  corresponding  to  minimum 
potential  energy  Is  the  most  stabDe.  Since  noncovalently  bonded 
carbon  atoms  undergo  sterlc  repulsion,  differently  constructed 
chains  are  subject  to  different  stresses. 

Moreover,  the  free  Intramolecular  rotation  of  Individual 
chain-molecule  subunits  results  In  formation  of  complex  rotary  Iso¬ 
mers  that  produce  a  continuous  transition  from  one  conrlguratlon 
to  another. 

In  addition  to  formation  of  rotary  Isomers,  there  Is  an  In¬ 
hibition  of  Intermolecular  rotation  caused  by  electrostatic  Inter¬ 
actions  or  sterlc  repulsion.  This  Inhibition  restricts  Internal 
rotation,  either  making  It  Impossible  or  causing  It  to  degenerate 
Into  vibration  about  a  definite  equilibrium  position. 

The  frequency  and  amplitude  of  these  vibrations  are  governed 
principally  by  the  temperature,  as  can  be  seen  from  the  expression 
for  the  total  Interaction  energy.  The  vibration  frequencies  of  ro¬ 
tary  Isomers  differ  spectrometrlcally  [56]. 

On  the  bs'ls  of  the  foregoing,  we  can  conclude  that  thermal 
movement  promotes  formation  of  clusters  of  molecular  chains,  since 
the  statistical  equilibrium  of  systems  In  which  linear  and  compact 
configurations  are  equally  probable  is  shifted  toward  linear  chains 
at  low  temperatures  and  toward  clusters  at  high  temperatures. 

A  number  of  authors  have  established  that  there  Is  a  sharp 
drop  In  the  number  of  rotary  Isomers  when  the  temperature  Is  re¬ 
duced  [57-61].  In  addition  to  the  Intramolecular  deformations  des¬ 
cribed  above,  there  are  also  valence-angle  deformations,  which 
enable  us  to  speak  of  the  elastic  constants  of  a  tetrahedral  val¬ 
ence  angle.  A. I.  Kitaygorodskiy  [62]  defines  the  elasticity  coef- 
flclenr  of  a  tetrahedral  valence  angle  as  the  force  necessary  to 
r’^splace  a  covalently  bonded  atom  by  a  unit  length  (1  a)  as  a  re¬ 
sult  of  a  change  In  the  Initial  equilibrium  valence  angle  (k*  • 

■  0,5*10*  dyn/cm) ,  from  which  It  can  be  calculated  that  E  ■  U.92* 
•10‘  kg/cm^  for  the  methylene  c-'«ln. 

The  theory  of  long  chain  molecules  developed  by  Ya.N.  Frenkel' 
[51]  Is  based  on  their  treatment  as  macroscopic  bodies  to  which  the 
premises  of  statistical  physics  and  thermodynamics  are  applicable. 
Frenkel's  theory  can  be  used  for  molecules  having  no  less  than 
100  subunits. 


According  to  this  theory 


where  E  Is  the  modulus  of  elasticity. 


k  Is  Boltzmann's  constant, 
a  Is  a  constant  (the  chain  length),  and 
z  Is  the  number  of  subunits. 

The  Isomeric  theory  of  polymer-macromolecule  elasticity  [65-67] 
attributes  the  elasticity  of  polymers  to  Internal  rotation.  M.V. 
Vol'kenshteyn  [63]  distinguishes  kinetic  flexibility,  which  Is  a 
function  of  temperature  and  time,  from  thermodynamic  flexibility, 
which  Is  a  function  solely  of  the  chain  characteristic  (cluster 
size,  dipole  moment,  polarizability,  etc.). 

Mechanism  of  polymer  destruction  In  thickened  oils 

Polymers  used  as  viscosity  Improvers  undergo  chemical  trans¬ 
formations  under  the  action  of  heat,  light,  oxidizing  agents,  water, 
mechanical  factors.  Ionizing  radiation,  etc. 

The  chemical  character  of  the  transformations  that  take  place 
under  the  action  of  the  aforementioned  factors  Is  governed  by  the 
conditions  under  which  they  occur  and  by  the  polymer  structure. 

The  optimum  method  for  stabilizing  polymer  solutions  in  the  main 
types  of  motor  oils  can  be  determined  only  if  we  know  the  nature 
of  the  reactions  to  be  Inhibited  and  the  action  mechanism  of  the 
stabilizers.  Moreover,  If  we  know  the  structure  of  a  polymer  and 
are  able  to  control  It,  we  can  also  regulate  polymer-destruction 
reactions . 

As  Is  well  known,  polymer  destruction  can  be  caused  by  var¬ 
ious  factors,  which  can  be  classified  as  physical  (Ionizing, 
mechanical,  ultrasonic,  thermal,  and  light)  and  chemical  (oxidiz¬ 
ing  agents,  water,  etc.).  In  both  cases,  destruction  can  obviously 
lead  either  to  breakage  of  the  main  polymer  chain  or  to  alteration 
of  Its  structure.  It  can  be  assumed  that  such  physical  factors  as 
heat,  which  are  the  most  common  typos  of  agent,  ultimately  Induce 
chemical  reactions.  The  energy  concentration  under  the  action  of 
a  mechanical  factor  has  a  more  local  character,  so  that  the  reac¬ 
tions  Initiated  are  more  complex. 

As  Is  customary  In  technical  literature,  the  term  "depoly¬ 
merization”  Is  often  replaced  by  "destruction."  Since  polymeriza¬ 
tion  Is  the  formation  of  long  chain  molecules  from  monomers  or 
a  mixture  of  monomers,  depciymerlzation  can  mean  only  the  reverse 
process,  l.e.,  monomer  formation. 

General  Factors  In  the  Mechanism  of  Viscous-Addi tl vo  Destruction 

Both  physical  factors  and  chemical  factors,  which  are  governed 
principally  by  the  oxidative  medium,  can  cause  a  polymer  chain  to 
break  or  to  undergo  structural  changes,  which  lead  to  a  change  In 
average  molecular  weight. 


It  can  be  re(;;arde<1  as  established  that  most  physically  initiated 
depolymerization  reactions  proceed  by  a  free-radical  mechanism.  The 
heat  of  depolymerization  (the  difference  In  Its  values,  qualitatively 
explains  the  differing  capacity  for  depolymerization.  If  depolymer¬ 
ization  reactions  proceed  by  a  free-radical  mechanism,  then  endo- 
thermal  rupture  of  one  C-C  bond  and  endothermal  formation  of  a  double 
bond  are  energetically  conjugated  during  separation  of  a  monomeric 
subunit  from  a  polymer  chain. 

As  Lewis  and  Naylor  showed  [72],  such  conjugation  occurs  dur¬ 
ing  breakage  of  any  other  bond  If  the  rupture  Is  followed  by  ring 
formation. 

In  addition  to  the  purely  chemical  factors  governing  physical¬ 
ly  Induced  depolymerization  reactions,  one  must  also  take  Into  ac¬ 
count  the  physical  state  of  the  depolymerized  polymer.  Specifically, 
depolymerization  reactions  take  different  pathways  when  the  base  In 
which  the  polymer  Is  dissolved  has  different  viscosities.  Moreover, 
some  Influence  can  be  exerted  by  the  factors  governing  the  structure 
of  the  polymer  chain,  ^or  example,  polymer  structure  can  be  charac¬ 
terized  by  the  presence  of  a  sort  of  ’’dislocation"  or  "weak  point." 
Definite  structural  elements,  which  are  often  present  In  polymers 
In  very  small  amounts,  serve  as  such  "weak  points,"  whvere  destruc¬ 
tion  reactions  are  physically  induced  or  kinetic  chains  developed. 
These  structural  elements  may  be  the  terminal  groups  of  the  polymer 
molecules,  points  of  ramification,  oxygen-containing  groups,  etc. 

Depolymerization  can  naturally  be  affected  by  catalytic  agents 
present  In  the  lubricating  oil  during  service,  etc. 

The  "weak  points"  play  a  substantially  less  Important  role 
during  chemical  Initiation  of  destruction  reactions  than  during 
physical  initiation,  since  the  effect  of  a  chemically  active  ini¬ 
tiating  agent  on  definite  structural  groups  (having  a  given  chemi¬ 
cal  affinity  for  the  agent)  is  of  the  same  type.  The  course  of  such 
reactions  obeys  the  laws  of  probability. 

The  overall  pattern  of  depolymerization  can  be  represented  In 
the  following  manner  on  the  basis  of  the  theory  of  radical  chain 
processes  [73-76]. 

The  reaction  Is  Induced  by  rupture  of  a  carbon-carbon  bond  In 
the  main  chain: 


-r  Pn~,  . 

M„~*  P„^i  \  Pi  (ttrnincl  .‘^r  up), 

where  Is  the  initial  polymer  macromolecule  vwlth  r  subunits)  and 

is  the  polymer  radical  (with  j  subunits). 

Initiation  can  also  occur  as  a  result  of  rupture  of  weak  bonds. 
Intramolecular  chain  transfer  Is  considered  to  be  a  case  of  monomer 
detachment : 
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Pi  -*  P,'  X  ]-M  —  detachment 

Pi  +  Afn 4-/in-i—  chain  transfer 
P(  +  Pj  -♦  Af(  +  Mi-  chain  detachment 


If  k  Is  the  bond- rupture  rate  constant  and 
o  la  the  proportion  of  bonds  broken, 

a  ■—  1  —  1  — e'. 


the  average  residual  macromolecule  length  Is : 


cU  (^) 


n  +  a(n  —  L)(L  —  1) 

1  +  a  («  —  Z.) 


where  L  Is  the  number  of  monomeric  units  In  the  shortest  macromole 
cule. 


The  chain  length  during  depolymerization  Is  determined  In  the 
following  manner; 


1  _  -o,  +  -Pn  -f  Pt 

e  ©a  +  v# 

where  1/e  Is  the  chain  length  and  and  Vq  are  the  probabil¬ 

ities  of  growth,  transfer,  and  detachment  respectively. 

The  tabular  arrangement  below  gives  the  number  of  monomeric 
units  for  certain  polymers,  determined  from  the  distance  between 
the  site  of  radical  formation  and  the  site  of  klnetic-chaln  de¬ 
tachment  (sip)  and  calculated  for  thermal  depolymerization; 

Polymer  Monomer  yield,  % 

Polymethylmethacrylate  >>95  >>200 

Polyisobutylene  20  3.1 

Polystyrene  ^0  3.1 

Analyzing  the  depolymerization  of  polyisobutylene  from  the 
standpoint  of  the  theory  presented  above,  the  broad  range  of  mole¬ 
cular  weights  fcr  the  mixed  thermal-destruction  products  and  the 
low  monomer  yield  noted  In  a  number  of  investigations  [77]  can  be 
explained  in  the  following  manner. 

The  two  methyl  substituents  (CHj  have  a  less  marked  stabiliz¬ 
ing  effect  on  the  polymer  radical  than,  for  example,  a  substituent 
such  as  CiKs,  which  Is  present  ^n  the  polystyrene  macromolecule 
and,  as  can  be  seer,  from  the  data  given  ab)ve,  Is  characterized  by 
higher  monomer  yield.  The  radical 


CH, 

I 

CH,-C  . 

I 

CH, 


-  9H  ^ 


f 

I 

is  sufficiently  I’eactive  to  detach  a  hydrogen  atom  from  the  methy¬ 
lene  groups  of  the  macromolecule  at  a  rate  commensurable  with  the 
monomer-formation  rate. 

When  we  compare  *ohe  behavior  of  polylsobuty lene  and  polysty¬ 
rene,  it  can  be  seen  that  the  same  effect  Is  produced  by  the  follow¬ 
ing  combinations: 

a  high  reactivity  for  the  radical  and  a  lov?  reactivity  for  the 
H  atoms  on  the  secondary  C  atoms; 

a  low  reactivity  for  the  radical  and  a  high  reactivity  for  the 
H  atom  on  the  tertiary  C  atom  of  the  macromolecule. 

Cases  in  which  the  depclymerizatlon  products  participate  in 
new  reactions  are  of  practical  significance  for  evaluating  the  ul¬ 
timate  results  of  polymer  destruction  in  solutions. 

Since,  for  example,  the  intermediate  products  in  polymeriza¬ 
tion  and  depolymerization  reactions  are  the  same  radical  s,  there 
should  be  a  definite  kinetic  and  thermodynamic  equilibrium  in  the 
system.  A  number  of  authors  have  studied  this  equilibrium  and  it 
has  been  shown  that  the  following  pi'ocesses  are  possible  after 
formation  of  an  active  radical  /?* :  a)  chain  growth,  ramification 
with  subsequent  attachment  of  a  monomer  to  the  radical,  formation 
of  crosslinkages,  etc.  (polymerization);  b)  detachment  of  a  monomer 
from  the  chain,  chain  rupture,  decomposition  of  the  hydrogen  perox¬ 
ide  formed  as  a  result  of  the  reaction  with  oxygen,  formation  of 
initiating  radicals,  etc . (depolymerization) . 

Monomer  detachment  from  the  chain  has  a  comparatively  low  ac¬ 
tivation  energy,  usually  l8-25  kcal/mole,  l.e,,  the  process  can 
occur  wj th  sufficient  speed  at  100°C.  It  is  possible,  however, 
for  the  reaction-initiation  stage  to  have  a  higher  activation  en¬ 
ergy. 

As  recent  research  has  shown,  the  equilibrium  of  polymeriza¬ 
tion  and  depolymerization  represented  by  polymerization  and  depoly¬ 
merization  curves  tending  toward  a  definite  viscosity  [78]  is  only 
a  special  case. 

There  is  also  a  maximum  temperature  above  which  polymerization 
ceases  or  formation  of  unstable  complexes  takes  place: 

r  .....  y/  _ , 

•j.ana  R  !-  |  ---  (.vf) 

I 

where  t\H  is  the  thermal  effect  of  polymerization. 

Forces  acting  on  the  macromclecule  in  shear  also  cause  rupture 
of  the  polymer  chain.  The  relaxation  phenomena  observed  In  the  sys¬ 
tem  indicate  that  only  the  moleculir  aggregates  are  broken  down, 
the  structure  of  the  molecules  themst?lves  remaining  unchanged.  Eval¬ 
uation  of  depolymerl zatlon  from  tne  change  in  system  viscosity 
therefox'e  doe.:;  rot  give  a  complete  representation  of  the  pl;enomenon. 


Ultrasound,  for  example,  can  produce  a  reversible  decrease  In 
viscosity  but  an  Irreversible  decrease  Is  also  possible.  There  is 
naturally  no  chain  rupture  in  the  first  case,  but  this  process  dees 
occur  In  the  second  case. 

Macromolecule  rupture  under  the  action  of  mechanical  forces  Is 
due  to  the  stresses  applied  to  the  macromolecule  as  a  result  of  va¬ 
pid  vibration  or  of  oscillation  of  cavitation  "cavities”  In  the 
solution. 

Destruction  has  been  explained  as  resulting  from  the  action 
of  the  frictional  forces  between  the  solvent  and  the  dissolved  poly¬ 
mer  [953.  Cases  of  destruction  during  cavitation  [96]  and  under  the 
action  of  ultrasound  [97]  In  the  presence  of  gases  have  been  des¬ 
cribed.  It  has  not  been  proved  that  destruction  occurs  under  these 
conditions  when  no  cavitation  Is  present.  The  Initial  investiga¬ 
tions  of  the  action  of  ultrasound  on  polymer  solu'^lons  proceeded 
from  the  fact  that  oxidation  Is  a  part  of  ultrasonic  destruction 
(the  process  Is  activated  by  molecular  oxygen). 

It  has  been  shown,  however,  that  the  effects  obtained  In  air, 
nitrogen,  and  oxygen  atmospheres  at  atmospheric  pressure  are  almost 
Identical,  all  other  conditions  being  equal. 

Investigation  of  the  Influence  of  ultrasound  frequency  on  des¬ 
truction  [99,  100]  has  shown  that  the  destruction  rate  Is  indepen¬ 
dent  of  frequency  over  the  range  10-286  kHz,  while  the  process  is 
most  efficient  at  906  kHz  and  least  efficient  at  404  kHz  over  the 
range  906-404  kHz  and  at  232  kHz.  The  latter  phenomenon  Is  attribu¬ 
table  to  the  simultaneous  effect  of  the  polymerizing  capacity  of 
ultrasound  vibrations. 

Bond  Rupture 

The  great  Inertia  of  molecules  having  high  molecular  weights 
causes  substantial  forces  to  act  on  them. 

The  dependence  of  the  bonding  rate  dx/dt  on  the  aver  ’e  chain 
length  P  can  be  described  by  the  equation  [101]: 

at 


where  k  is  a  constant, 

•’  is  the  Avogadro  number,  and 

Pf  is  the  maximum  chain  length  during  prolonged  ultrasonic 
Irradiation. 


Jelllnek  and  White  [102,  103]  calculated  the  average  and 
weighted-average  chain  length  during  depolymerization.  If 


Is  the  average  chain  length, 

P  Is  the  Initial  chain  length,  and 
n  ■■  ' 
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Pg  la  the  maximum  chain  length  at  which  the  macromolecule  Is 
no  longer  capable  of  destruction, 


I-  K'-*)''  -  >l)  - 


a  =  1  - 

(fe  Is  the  bond-rupture  rate  constant  for  molecules  having  a  length 
>  P  );  at  t  -►  «,  a  »  1  and 

Cr 

n  _  +  * 


(here  Pj^  Is  equivalent  to  P^). 

The  weighted-average  chain  length  Is  calculated  In  similar 
fashion: 

-  -  2)[- +  t)’l  - 

la»  L  ®  J 

-  (2  P„  -  P.  -  3)(P.  +  1)1  +  Pn  (1  -  a)”"-'. 


The  maximum  molecular  weight  in  this  case  Is 


Having  determined  P  experimentally,  P  can  be  calculated  for 
a  given  polymer  solution.  Knowing  P^  and  the  initial  molecular 
weight  P  ,  we  can  find  P  *  /(a).  Comparing  the  function  P  -  /(a) 

W  ” 

with  the  experimental  curve  for  »  f(t)  and  proceeding  from  the 
corresponding  values  of  t  and  a,  we  can  find  k. 

The  weighted-average  molecular  weight  Is  calculated  from 
Shtaudinger 's  formula 

hJ  "  kM, 

where  [n]  Is  the  characteristic  viscosity, 

M  is  the  molecular  weight,  and 

k  -  8. 0*10“*, 

Low-temperature  depolymerization  conditions  can  be  ciia:  actei  l zed 
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In  the  following  manner.  When  the  main  macromolecular  chains  are 
broken,  the  radicals  formed  cannot  diffuse  over  any  great  distance 
or  participate  In  secondary  reactions  leading  to  formation  of  stable 
molecules.  Moreover,  there  is  also  a  decrease  In  the  shear  forces, 
which  affect  macromolecular  destruction,  when  the  temperature  Is 
raised. 

Use  of  viscosity  Improvers 

Tne  viscosity  Improvers  known  at  present  Include  polylsobuty- 
lenes,  polymethacrylates  (akrllonds),  vinyl-ester  polymers  (vinl- 
pols),  the  copolymer  of  Isobutylene  with  styrene  synthesized  at 
the  INKhP  Academy  of  Sciences  Azerbaydzhan  SSR  (INKhP-20  additive), 
etc . 


Satisfactoiy  solubility  In  lubricating  oil,  resistance  to 
thermal  and  mechanical  destruction,  and  high  thickening  capacity 
are  the  properties  required  In  a  polymer  used  as  a  viscosity  Im¬ 
prover.  Moreover,  polymer  additives  should  co.ribine  well  with  the 
additives  generally  employed  to  Improve  oil  properties  and  should 
not  be  corrosive. 

The  prlndral  chsracterlstlc  of  ?ny  polymer  additive  Is  Its 
molecular  weight,  which  governs  Its  destruction  resistance,  solubil¬ 
ity,  and  thickening  capacity.  Viscosity  Improvers  are  usually  des¬ 
cribed  by  their  average  molecular  weight,  as  determined  by  Shtaud- 
Inger’s  vlscoslmetrlc  i.echod  [106].  Assuming  that  the  viscosity  of 
a  polymer  solution  Increases  in  direct  proportion  to  its  molecular 
weight,  Shtaudlnger  proposed  the  following  equation  for  polymers 
with  filamentous  molecules: 


Af  = 


J?ZL 

Ckai 


where  Is  the  specific  viscosity,  defined  as 


'r,  —  -^o 


n  Is  the  viscosity  of  the  thickened  oil  In  cSt, 

Hq  Is  the  base  viscosity  at  the  same  temperature  in  cSt, 

c  Is  the  polymer  concentration  In  "oaslc”  moles  per  liter,  and 

Is  the  polymer  constant,  which  depends  on  the  nature  of  the 
polymer  and  solvent. 

The  average  molecular  weight  of  the  polymer  Is  determined  from 
this  equation 

Shtaudlnger’s  principle  Is  usually  simplified  by  determining 
the  viscosity  (o3t)  of  a  30J  polymer  solution  jn  toluol  at  37.6®C 
as  a  function  of  relative  molecular  weight. 

V.I.  Sharapov  [107]  employed  Isooctane  *  1.75*1''”')  or 

Ul 
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caronn  tetrachloride  -  S.O'IO”"*)  as  the  aolvent  for  calculating 

the  molecular  vrelght  of  isobutylene  and  evaluated  a  as 

c  -  -i 

t' -56,06 

where  q  the  weighed  portion  of  polyisobutylene , 

56.06  is  the  molecular  weight  of  isobutylene,  and 
V  is  the  solvent  volume. 

Polyisobutylene  pT-oduced  commercially  in  accordance  with  Tech¬ 
nical  Specification  MKhP  (MXn)  1761-5^  r  is  widely  employee’  in  the 
Soviet  Union  as  a  viscosity  improver.  S.S.  Nametkin  and  M.R.  Rudenko 
brought  about  synthesis  of  this  compound  in  the  USSR. 

TABLE  42 


Fractionu'  xtlon  of  Polyisobutylene  with  Dif¬ 
ferent  Ave-  .  .Molecular  Weights 
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2 

50 
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25  000 

22,27 

3 

31 

COI 

23.39 

1 
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7,78 

18  000 

27,47 

4 

25 

000 

8.91 
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9,60 

15  200 

8.22 

5 

17 
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1 
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7,44 

13  000 

10,71 

(i 
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000 

5.44 
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7  000 

.  7,07 
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SOcTaroK 

7,16 

1)  Fraction  No.;  4)  Amount  of  fraction,  %-, 

2)  Average  molecular  5)  Residue. 

weight ; 

3)  Molecular  weight 

of  fraction; 


The  polymer  is  obtained  by  polymerization  of  IsobutyLene, 

CH2  =  C(CH3)2,  in  the  presence  of  a  catalyst  (boron  trlflucride 
or  aluminum  chloride). 

The  poly isobutylene  molecule  Ir  linear  and  the  structure  of 
Its  main  chain  has  the  form 

For  practical  convenience,  this  additive  Is  often  produced 
in  the  form  of  a  20?  solution  In  oil  (raraton)  abroad. 

Fraction-composition  uniformity  Is  of  great  Importance  for 
the  operating  properties  ol‘  viscosity  Improvers,  since  the  presence 
of  high-molecular  fractions  reduces  the  destruction  re.slstance  of 
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the  additive,  whiiie  low-molecular  fractions  reduce  its  thickening 
capacity . 

Table  ^2  showc  the  typical  fraction  composition  of  polyiso¬ 
butylene  with  different  average  molecular  weights. 

The  fraction  composition  of  polyisobutylene  with  an  average 
molecular  weight  of  20,000  is  more  homogeneous  and  therefore  more 
suitable  for  viscoslty-lmprovemient  purposes.  This  composition  is 
used  in  producing  commercial  AK3  -6  and  AK3  -10  oils  at  the  Bakln- 
skoye  NPZ  imeni  XXII  S"yezda  KPSS  [Petroleum  Refining  Plant  Imenl 
22nd  CPSU  Congress]. 

Polymethacrylates  are  now  being  widely  used  as  viscosity  im¬ 
provers  (especially  abroad,  where  they  account  for  5055  of  all 
polymer  additives  [1^]).  An  important  advantage  of  polymethacry¬ 
lates  over  polyisobutylenes  is  the  fact  that  they  can  produce  a 
large  increase  in  oil  viscosity  index  when  used  in  lower  concen¬ 
trations  and  in  the  form  of  lower-molecular  polymers. 

Polymethacrylates  are  produced  by  polymerization  of  esters 
of  methacryllc  acid,  CH2  =  CCH^COOff  in  the  presence  of  a  catalyst 

(benzyl  peroxide). 

The  polymethacrylate-macromolecule  chain  has  the  structure 
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pLJ  Pl-f  p 

1 

c 

•  V  > 

1 

coo/? 

1 

coo/? 

\.#n2  v^rij  w 

1 
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where  R  are  aliphat-.c  radicals  with  from  4  to  22  carbon  atoms. 

Two  types  of  polymethacrylates  synthesized  by  Prof.  Potolov- 
skly  et  al.  have  come  into  use  in  the  USSR:  polymethacrylate  B 
(viscosity  Improver)  and  polymethacrylate  (depressor). 

A.M.  Kuliyev  et  al.  have  suggested  the  product  of  the  low- 
temperature  copolymerization  of  isobutylene  with  styrene  in  the 
presence  of  aluminum  chloride  as  a  viscosity  Improver  [IO8],  The 
isobutylene  polymers  obtained  under  these  conditions  had  a  mole¬ 
cular  weight  of  18,100-23,000,  while  the  isobutylene-styrene  co¬ 
polymer  had  an  average  molecular  weight  of  11,700-22,000.  The 
thickening  capacity  and  viscosity  index  of  these  compounds  v'ere 
similar  to  and,  in  a  number  of  cases,  exceeded  those  of  comr.er- 
clal  polylsobuty lene  with  a  molecular  weight  of  17,000.  The  authors 
assumed  that  copolymers  containing  aromatic  styrene  rings  would  be 
more  resistant  to  destruction. 

A  viscosity  additive  based  on  this  principle  (INKhP-20)  is 
now  undergoirig  thorough  testing. 

The  increase  in  viscosity  index  is  determined  by  the  solubil¬ 
ity  of  the  polymer  in  the  oil,  which  is  evaluated  from  the  ratio 
of  tb<e  specific  viscosity  to  the  polymer  concentration  in  the  so¬ 
lution.  This  quantity  has  low  values  (from  0.01  to  0.10)  for  low- 
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soluDility  polymers,  which  cause  a  large  Increase  in  viscosity  in¬ 
dex,  and  is  higher  (0.10-0.25)  for  soluble  polymers,  which  produce 
only  a  slight  rise  in  viscosity  index. 

This  property  can  be  utilized  by  adding  to  the  polymer  solu¬ 
tion  a  poor  oll-missible  solvent  that  combines  with  the  polymer, 
thus  reducing  the  overall  solubility  of  the  latter. 

Evans  and  Joung  [109]  made  a  thorough  investigation  of  the 
partial  solubility  of  a  polymer  in  various  oils  having  viscosity 
indices  of  from  13  to  111.  They  observed  no  precipitation  of  the 
polymer  from  solution  when  they  added  10^  paraton  (polylsobutyl- 
ene)  and  different  amounts  of  compounds  with  no  solvent  action  to 
the  oils. 

Some  compounds  have  a  specific  effect,  reducing  the  solution 
viscosity  of  37.8°C  with  respect  to  its  viscosity  at  98.9'-,  which 
caused  a  large  increase  in  viscosity  index.  The  authors  attributed 
this  phenomenon  to  the  abrupt  drop  in  polyisobutylene  solubility 
at  low  temperatures  when  such  compounds  as  ( 0-butcxyethyl )-phthal- 
ate,  n-butylphthalate ,  or  trlethyiene  glycol-di-( 2-ethylbutyrate) 
are  added  to  the  base. 

This  property  has  found  practical  application  in  a  patent  for 
a  mixture  of  two  polymers:  polyiso'  atylene  and  polymethacrylate 
[120].  The  patent  uses  a  high-paraffin  oil  (with  a  viscosity  of 
5.1  cSt  at  98.9°C)  as  the  base,  with  1%  polyisobutylene  (having 
a  molecular  weight  of  12,000),  3?  polymethacrylate  (having  a  mole¬ 
cular  weight  of  17,000),  and  \2%  of  a  product  with  no  solvent  ac¬ 
tion  (dibutoxyethylphthalate)  added.  Use  of  the  latter  compound 
produces  a  sharp  rise  in  viscosity  index,  as  a  result  of  the  dif¬ 
ferent  critical  solubility  temperatures  for  the  two  polymers. 

Polymer  additives  that,  in  addition  to  improving  the  viscosity 
index  of  oils,  also  give  them  other  properties,  such  as  detergent 
characteristics,  have  recently  appeared.  An  important  advantage 
of  these  additives  is  the  fact  that  they  contain  no  metals,  thus 
being  ash-free. 

The  recent  use  of  oils  with  high  contents  of  ordinary  (metal- 
containing)  additives  in  highly  supercharged  fuel-injection  engines 
has  resulted  in  the  formation  of  substantial  ash  deposits  on  the 
working  surfaces  of  the  exhaust  valves,  which  leads  to  poor  fit  and 
scorching.  Operation  of  such  engines  with  oils  having  high-ash  addl 
tlves  is  impossible.  Development  of  highly  effective  ash-free  addi¬ 
tives  is  naturally  of  great  importance. 

Stability  of  Viscosity  Improvers 

Viscosity  Improvers  have  very  little  effect  on  oil  properties 
other  than  viscosity  and  viscosity  index.  However,  these  addltlver 
have  a  tendency  to  break  down  under  the  action  of  high  temperatures 
(?00-250°C)  and  large  shear  stresses,  since  polymers  of  high  molecu 
lar  weight  having  very  long  chains  rupture  to  form  polymer::  having 
shorter  chains  under  the  action  of  definite  energy  factors,  then*' 
fragments  not  being  as  effective  as  vlscosl*;y  Improvers. 
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TABLE  43 

Change  in  Viscosity  of  Oil  and  Polyisobutylene  Con¬ 
stituent 


Mac.io  iia  ochouc  cojidpo-nepcicmiiiix  c  3h 

•no;iHH;ojyTiMc«a 


HOCTb  paOOThI,  H 
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1  5 

j  MoJi.  sec 

- 6 - 

yMCHblllCHHC 

Moa.  ■ecu,  % 
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13,9 
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21800  j 

9 

10 

_ 

20 

11,1 

3,7 

19900 

9 

30 

41 

11,9 

3,6 

17900  , 

18 

1)  Operating  time,  h; 

2)  Oil  based  on  solar- 

spindle  frr.ctlons, 
containing  3^  poly- 
isobutylene; 

3)  Viscosity  at  100°C, 

cSt ; 


Amount  of  polyiso- 
butylene, 

5)  Molecular  weight; 

6)  Decrease  in  molecu¬ 

lar  weight,  %, 


TABLE 


Change  in  Viscosity  of  AC3n~6  and 
AC3n-iQ  Oil 


npo’o.i- 

WHteab- 
^  HOCTb 
plOOThI, 

<  . 

2  ' 
Macao  AC3n-10 

2 

Macao 

^C3n-6 

1 

1 

1 

50’ 

j  100’ 

50’ 

100* 

0 

f3,6 

11,26 

31,7  ' 

7,13 

51 

1  72,06 

11,80 

34,7  1 

7,57 

1)  Operating  time,  h;  2)  Oil. 


Although  the  viscosity  of  oils  containing  viscosity  Improvers 
is  reduced  by  high  temperatures,  vigorous  agitation,  and  shear  forces, 
the  decrease  is  very  small  and  is  of  no  practical  significance  when 
such  oils  are  used  under  normal  engine-operating  conditions  [110]. 

Let  us  demonstrate  this  with  an  example. 

Table  ^3  presents  data  on  the  change  in  the  viscosity  of  a 
working  oil  and  its  polyisobutylene  constituent,  having  a  molecu¬ 
lar  weight  of  20,000,  in  an  B-2  engine  [111],  while  Table  gives 
data  on  the  change  in  the  viscosity  of  AC3n-6  (AC-5  with  1%  polv- 
isobutylene  and  lOJ  CE-3  additive)  and  AC3n-10  (AC-6  with  poly- 

isobutylene  and  101  CB-3  additive)  oils  during  operation  in  rA3-51 
engines  during  600-hour  stand  test. 

It  can  be  seen  from  the  data  cited  that  polyisobutylene  in 
an  oil  operating  in  an  B-2  diesel  under  a  relatively  high  load 
undergoes  negligible  destruction.  No  decrease  in  the  viscosity 
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Fig,  13.  Stability  of  thickened  oils  under  the  action  of  shear 
stresses.  1)  011  containing  2,5%  by  weight  viscosity  Improver;  2) 
oil  containing  6%  by  weight  viscosity  Improver.  A)  Viscosity  at 
37.8°C,  cSt;  B)  time,  h. 


of  the  thickened  oils  was  generally  detected  in  an  rA3-51  engine 
operating  under  large  stand  loads  and  at  high  temperatures.  The 
normal  oll-oxldatlon  process  and  the  associated  rise  in  viscosity 
evidently  cancelled  the  drop  In  viscosity  resulting  from  polyiso¬ 
butylene  destruction. 

The  possibility  of  operating  engines  with  oils  containing 
thickening  additives  (polyisobutylene)  without  any  material  de¬ 
crease  in  oil  viscosity  has,  however,  not  lessened  interest  in  pro¬ 
cedures  for  laboratory  evaluation  of  the  destruction  resistance  of 
polymer  additives.  Such  procedures  would  be  especially  helpful  In 
comparative  studies  of  this  index  in  new  polymer  addltiv''s  and  in 
evaluating  the  Influence  of  special  stabilizing  additives  and  mul¬ 
tipurpose  additives  on  polymer  stability. 

The  literature  describes  different  methods  for  evaluating  the 
depolymerization  resistance  of  viscosity  improvers,  Dzhordzhl  [110] 
used  a  vaporization  chamber  with  a  capacity  of  0.028  m-^  connected 
to  the  intake  of  a  circulation  pump,  whose  exhaust  was  then  connect¬ 
ed  through  a  vaporization  nozzle  to  the  chamber.  The  nozzle  has  6 
apertures  2  mm  In  diameter  and  was  20  mm  long.  Using  a  pressure  of 
2. 8-3. 5  kg/cm^  and  a  temperature  of  60-65°C,  1.5  liters  of  oil  was 
circulated  for  a  prolonged  period  (2^0  h)  at  a  rate  of  210  liters/min. 

Figure  13  shows  the  results  of  tests  conducted  by  the  method 
described  above  on  two  oils  containing  viscosity  improvers. 

Although  the  viscosity  loss  resulting  from  decomposition  of 
the  polymers  was  small  in  both  cases,  it  can  be  seen  that  polymer 
1  was  more  resistant  to  mechanical  destruction  than  polymer  2. 

An  apparatus  using  the  fuel  pump  of  a  4-^0  diesel  engine  is 
employed  at  the  INKhP  to  evaluate  the  resistance  of  thickening 
additives  to  mechanical  destruction.  The  tests  are  conducted  In 
the  following  manner.  A  total  of  500  cm*  of  the  oil  to  be  tested  Is 
poured  into  a  tank  holding  about  1.0  liter.  Its  temperature  being 
automatically  maintained  at  60®C.  The  oil  Is  picked  up  from  the 
tank  by  a  piston  booster  pump  and  supplied  to  a  4-plunger  high- 
pressure  fuel  pump,  which  forces  it  through  four  pivot-type  vapor¬ 
izers  adjusted  to  a  delivery  pressure  of  150  kg/cm^.  The  oil  sprayed 
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by  the  vaporizers  flows  into  the  tank  and  the  cycle  is  repeated.  The 
apparatus  operates  with  a  three-phase  electric  motor  with  a  power  of 
1.0  kW  and  the  pump  speed  can  be  vailed. 

The  shear  resistance  of  the  polymer  was  determined  by  measuring 
the  decrease  In  oil  viscosity  at  50®Cj  as  a  percentage  of  the  Ini¬ 
tial  viscosity,  for  wnlch  purpose  20-0^^  samples  were  taken  after  15 
min  and  every  hour  thereafter. 

The  shear-speed  gradient  that  developed  under  the  experimental 
conditions  was  about  lO’  s“*.  The  greatest  drop  In  oil  viscosity 
with  this  large  a  shear-speed  gradient  occurred  during  the  first  15 
min  of  the  experiment,  but  the  viscosity  stabilized  after  the  appara¬ 
tus  had  been  operating  for  ^  h.  This  made  It  possible  to  reduce  the 
test  time  to  4  h. 


Fig.  14.  Results  of  tests  for  resistance  to  mechanical  destruction. 
1,  2,  3)  Spindle  oil  containing  polyisobutylene;  4)  AK-10  oil 
containing  2.4$  isobutylene-styrene  copolymer.  A)  Decrease  In  vis¬ 
cosity,  cSt  at  50°C,  $;  B)  time;  C)  min;  D)  h. 


Fig.  15.  Critical  molecular  weight  of  polymer  as  a  function  of  shear 
stress.  1)  MK-22  oil  +  5$  polyisobutylene  (M  »  21,000);  2)  MK-8  oil  + 
+  20$  polylsobuty lene  (W  »  30,000).  A)  Critical  molecular  weight;  B) 
shear  stress,  dyn/ciu*. 


i 


i 
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The  reproducibility  of  the  test  results  was  completely  satis¬ 
factory.  Thus,  when  the  experiment  with  type  3  spindle  oil  thickened 
with  poly  Isobutylene  (having  a  molecular  weight  of  17,000)  was 
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repeated  three  times,  the  decrease  in  viscosity  over  the  experimental 
period  was  23.8,  21.5,  and  22.1^,  with  a  maximum  deviation  of  6%  from 
the  averaf^e. 

Figure  shows  curves  Illustrating  the  results  of  test  conduct¬ 
ed  on  several  oil  specimens  by  the  method  described  above. 

The  Isobutylene-styrene  copolymer  synthesized  at  the  INKhP 
(with  a  molecular  weight  of  7800)  Is  noteworthy,  since  it  proved  to 
be  the  most  resistant  to  mechanical  destruction  when  mixed  with  AK-10 
oil.  (Experiments  were  conducted  to  evaluate  the  destruction  resis¬ 
tance  of  AK-10  oil  containing  thickening  additives  In  order  to  deter¬ 
mine  the  feasibility  of  using  such  oils  as  all-weather  transmission 
oils . ) 

K.I.  Klimov  and  P.P.  Zarudniy  [112]  conducted  an  Interesting 
Investigation  of  the  mechanical  destruction  of  polyisobutylene.  By 
subjecting  narrow  polyisobutylene  fractions  with  average  molecular 
weight  of  30,000,  22,600,  21,000,  16,000,  1^1,000,  and  9000  to  shear 
stresses  of  different  magnitudes  in  a  rotary  apparatus  of  the  type 
devised  by  V.A.  Pavlov  [113],  they  established  that,  during  destruc¬ 
tion  with  a  given  shear  stress,  the  molecular  weight  of  the  polymer 
decreases  and  tends  toward  a  definite  value,  which  is  constant  for 
the  stress  in  question.  Each  shear  stress  corresponds  to  a  definite 
critical  molecular  weight  for  the  polymer. 

Use  of  a  polymer  with  a  molecular  weight  above  the  critical 
level  causes  It  to  undergo  mechanical  destruction  to  the  molecular 
weight  stable  at  the  shear  stress  employed.  These  authors  shov/ed 
that  the  extent  of  destruction  depend  solely  on  the  shear  stress 
(and  not  on  the  shear-speed  gradient,  although  the  destrvctlon  rate 
Increases  as  this  factor  rises). 

The  relationship  between  the  critical  molecular  weight  and  the 
shear  stress  in  the  oil  stream  was  also  determined  (see  Fig.  15). 

As  has  already  been  pointed  out,  polymer  additives  also  under¬ 
go  thermal  depolymerization.  In  some  cases,  heating  of  oils  thick¬ 
ened  with  such  additives  to  150-200°C  and  holding  at  this  tempera¬ 
ture  for  prolonged  periods  leads  to  a  marked  decrease  in  oil  vis¬ 
cosity  as  a  result  of  polymer  destruction. 

Thermal  depolymerization  can  be  substantially  reduced  by  addi¬ 
tion  of  stabilizers  that  prevent  breakdown  of  the  polymer  molecules, 
such,  as  tertiary  amylphenol  sulfide  [11^]. 

Ye.G.  Semenldo  and  N.I.  Kaverina  [11^]  proposed  a  method  for 
evaluating  the  resistance  of  polymer  additives  to  thermal  destruc¬ 
tion,  which  was  subsequently  modified  by  N.V.  Shchegolev  [27]. 

This  modified  procedure  Is  employed  at  the  InKhP. 

The  procedure  basically  runs  as  follows:  weighed  10-gram  por¬ 
tions  of  the  product  to  be  tested,  poured  Into  test  tubes  l8  mm  in 
diameter  and  260  mm  long,  are  ..riimerseu  in  an  oil  bath  at  200°C  and 
held  at  this  temperature  for  12  h.  The  change  in  oil  viscosity  dur¬ 
ing  the  experiment  Is  used  to  calculate  the  so-called  viscosity- 
stability  index  [VSI](nCB)  from  the  formula 
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ricii=  ioo?i;. 

}:<•  <0,(11 

Where  is  the  viscosity  of  the  Initial  oil  at  100°C  and 

^100^^*^^  Is  the  viscosity  at  100®C  after  a  12-hour  experiment. 

This  technique  can  also  be  used  to  evaluate  the  influence  of 
multipurpose  additives  on  polymer-containing  oils,  from  the  stand¬ 
point  of  compatibility. 

Most  multipurpose  additives  are  known  to  have  a  stabilizing 
effect  on  polymers  during  high-terriperature  service.  Nevertheless, 
there  are  additives  that  cause  a  sharp  drop  In  viscosity  or  gel 
formation  when  added  to  thickened  oils  (principally  those  thickened 
with  polymethacrylate).  In  cases  of  the  latter  type,  the  additives 
are  said  to  be  "Incompatible"  with  the  polymer. 

Table  J45  presents  the  results  of  tests  conducted  by  the  method 
described  above  on  oils  thickened  with  polyisobutylene  and  poly¬ 
methacrylate  mixed  with  various  additives. 

The  data  In  the  table  indicate  that  polylsobuty lene  Is  suf¬ 
ficiently  resistant  to  thermal  destruction  and  is  highly  compatible 
with  all  the  multipurpose  additives  tested.  All  the  additives  tested 
had  a  greater  or  lesser  stabilizing  effect  on  the  resistance  of  poly- 
Isobutylene  to  thermal  destruction,  bringing  the  PSV  to  98?  In  a  num¬ 
ber  of  cases  (3!?  CB-3  and  2%  liB-ll,  A3HHH-8). 

A  different  pattern  was  obtained  In  evaluating  the  thermo¬ 
stability  of  polymethacrylate  and  its  compatibility  with  additives 
(Table  ^6).  Thus,  use  of  the  additives  14MATHM-339  and  Hn"-22K  lead 
to  gel  formatltji,  during  the  initial  period  of  the  tests,  use  of 
BHHH-360  caused  a  large  (by  a  factor  of  10)  rise  In  viscosity,  and 
use  of  BHHH-353  and  H«>-11  lead  to  a  substantial  drop  In  viscosity. 
These  additives  are  thus  Incompatible  with  polymethacrylate. 

The  additives  A3H!^H-5,  A3HHH-7,  A3HHH-8,  C5-3,  and  AsHUH- UHATMM- 
are  completely  compatible  with  polyruc^hacrylate,  most  of  them  having 
a  stabilizing  effect  on  the  polymer. 

S.  Sirtori  [115]  also  describes  gel  formation  when  a  thickei^ed 
oil  containing  an  additive  of  the  zinc  dlalkyldithiophosphate  type 
is  heated  to  280®C  and  then  coo?.ed. 

Ye.G.  Semenldo  [2]  has  pointed  out  the  relationship  between 
this  phenomenon  and  the  chemical  structure  of  polymethacrylates  and 
multipurpose  additives,  assuming  that  the  presence  of  divalent  n.e- 
tals  (barium  and  calcium)  In  the  .^^daitlves  Is  of  prime  importance 
in  thin  case. 

Actually,  the  work  of  N.F.  Poshlyakova  et  al.  [116]  showed^ 
that  gelr  are  formed  when  ul valent-metal  oxides  are  added  to  solu- 
tlcnc  .-f  copclymers  of  metal  methacrylate  ana  methacryllc  acid, 
an  of  nalt-tond  formation  and  of  the  physical  interaction 
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TABLE  45 


Evaluation  of  Resistance  of  Polyisobutylene  to 
Thermal  Destruction  In  Presence  of  Multipurpose  Addi¬ 
tives 
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1)  011  and  additive; 

2)  011  viscosity  at 

100®C,  cSt; 

3)  Initial; 

4)  After  heating,  h; 


5)  VSI,  %i 

6)  With  1%  pclylsobutylene ; 

7)  The  same; 

8)  Turbine  A  +  5%  polyiso¬ 

butylene  . 


TABLE  46 


Com.patlblllty  of  Polymethacrylate  B  with  Multipurpose 
Additives  In  Spindle  Oil 
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10)  Incompatible; 
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5%  polymethacry- 
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of  the  polar  salt  groups,  which  are  poorly  soluble  In  the  solvent 
used. 


Combination  of  different  amounts  of  salt  groups  produces  clus- 
ter-llke  structures  that  organize  the  vacant  points  of  the  lattice 
structure,  l.e.,  gel  formation  occurs. 

The  foregoing  Indicates  the  Importance  of  evaluating  the  com¬ 
patibility  of  viscosity  Improvers  and  multipurpose  additives  In  each 
Individual  case. 

Influence  of  Polymer  Additives  on  Carbon-Deposit  Formation  in  Engines 

The  development  of  carbureted  engines  with  high  compression 
ratios  raised  the  problem  of  reducing  carbon-deposit  formation  on 
the  cylinder-piston  components,  since  such  deposits  cause  self-ig- 
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Results  of  Tests  by  H,£IM-10-^  Method 


2 

AC-6,  .larymcii- 

3 

1 

AC-6 

i:oc  iiojiHvoo* 

;i>ll  TODapitOC 

noKaMTe;in 

OvTMaeNOM 

i  7 

A6c. 

1  B 

BilJi* 

k^c.. 

1  8 

Baa- 

1  7 
A6c. 

1  6 

Baa ' 

pcayjib* 

JIU 

oeayab- 

JIU 

peayab- 

Jibl 

Tar 

Tax 

tbt 

(lOASNlKHOCTk  KOilCU 

1  gticc 

0 

1  9  Bee 

0 

I  9  Bee 

0 

cbo5oahu 

CB06OAHW 

CBoSoAHW 

S  ^l«K  HA  nSKC  nopuiHA,  6aii;iu 

2.0 

J.0 

2.0 

l.o 

2,0 

1.0 

6  Itarapu,  t 

7  Bcero  HA  noptUHC  6e3  AiiHuia 

0,476 

0,48 

0,441 

0,44 

0,C66 

0,67 

b  c  1-ofi  KaKas*'-*  1  '  to  Koafcua 

0.  76 

0,33 

0,161 

0,80 

0.121 

0,60 

9  CO  2-ofl  KAHasKH  A  2-ro  Koabua 

0,014 

0.17 

0,018 

0,090 

0.032 

0,16 

1 0  c  orraabHUx  vainBOK  h  koacu 

0,070 

0,14 

0,106 

0.53 

o,ud4 

0,o2 

1  1  c  ^ypra 

0,019 

0,10 

0.020 

0,10 

0,014 

0,07 

1  2  C  AHHU'a 

0,22 

0.22 

0.27 

0,27 

003 

0,08 

1  3  c  nepcMUMCK 

0,0C3 

0.01 

0,066 

0.03 

0,004 

0,02 

1  9  USHOC  nOpUlHCBbiX  KOXCU 

0,095 

0,48 

0,034 

0.17 

0,126 

0,63 

1  5  KoppOlHI  CSHHlIOBbiX  nxaCTHH 

2 

0,02 

0 

0 

1 

0,0! 
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1)  Index; 

2)  AC-6  thickened  with 

poly Isobutylene; 

3)  Commercial  i-11; 

4)  Ring  mobility; 

5)  Tars  on  piston  skirt, 

points ; 

6)  Carbon  deposits,  g; 

7)  Total  from  piston, 

exclusive  of  face; 

8)  First  groove  and 

first  ring; 

9)  Second  groove  and 

second  ring; 


10)  Remaining  grooves  and 

rings ; 

11)  Shoulder; 

12)  Face; 

13)  Rod; 

14)  Plston-rlng  wear; 

15)  Lead-plate  corrosion; 

16)  Motor  index,  points; 

17)  Absolute  result; 

10)  Points; 

19)  All  free. 
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nitlon  of  the  working  mixture  and  detonation  and  Increase  the  fuel 
octane  number  required  by  the  engine. 

It  was  suggested  that  deposit  formation  could  be  reduced  by 

using  narrow  light  fractions  thickened  with  viscosity  improvers  as 
motor  oils. 


Raymond  and  Socolofskiy  [117]  demonstrated  that  thickened  oils 
have  a  favorable  effect  from  the  standpoint  of  deposit  formation  even 
when  the  engine  has  been  previously  contaminated. 

W.  Sweeney  et  al.  [Il8]  showed  that,  all  other  operating  condi¬ 
tions  being  equal,  use  of  thickened  SAE  lOW-30  oil  reduces  the  amount 
of  deposits  by  ^2%  in  comparison  with  that  observed  for  ordinary 
SAE-30  oil.  I^'owever,  this  effect  does  not  always  occur:  the  type  of 
polymer  used  is  of  great  importance.  According  to  the  data  of  T.  Salo¬ 
mon  [39],  there  are  polymers  that  themselves  form  deposits  and  In¬ 
crease  the  octane  number  required.  For  example,  N.G.  Puchkov  [121] 
states  that  thickened  oils  require  an  Increased  (by  a  factor  of 
about  1.5)  detergent-additive  concentration,  as  a  result  of  the  great¬ 
er  carbon-deposit  formation  In  the  engine  produced  by  the  partial 
thermal  depolymerization  of  the  viscosity  improver  and  subsequent 
oxidation  of  its  decomposition  products. 

In  order  to  study  the  influence  of  polyisobutylene  used  as  a 
viscosity  improver  cn  carbon  deposition  on  engine  components,  sev¬ 
eral  10-hour  tests  with  an  MT-9/3  engine  were  conducted  at  the 
iNKhP  by  the  procedure  used  for  engine  testing  of  additive-free 
base  oils  (the  HflM-10-4)  method)  [119].  The  tests  were  carried  out 
with  a  coolant  temperature  of  150°C  and  an  oil  temperature  of  85®C. 

The  procedure  described  above  was  used  to  evaluate  the  follow¬ 
ing  specimens:  commercial  AC-6  oil  from  Bakinskoye  crude  petroleum, 
the  same  oil  thickened  with  polyisobutylene  to  11.5  sSt,  and  com¬ 
mercial  H-11  oil  r^o^'-^ced  by  the  Zavod  im.  XXII  S"yezda  [22nd  Con¬ 
gress  Plant]. 

As  is  well  known,  Filippov's  method  provides  for  overall  eval¬ 
uation  of  oil  engine  properties  in  points  (the  so-called  motor  in¬ 
dex),  which  constitutes  the  sum  of  separate  evaluations  of  the 
cleanness  of  different  areas  of  the  pistons,  ring  mobility  and 
wear,  and  the  corrosion  of  a  lead  plate  placed  in  the  crankcase. 

The  results  of  the  tests  are  given  in  Table  47. 

As  can  be  seen  from  the  data  in  this  table,  addition  of  polyiso¬ 
butylene  had  almost  no  effect  on  carbon  deposition  on  the  cylinder- 
piston  components.  In  the  case  of  both  AC-6  oil  without  the  poly¬ 
mer  additive  and  of  the  thickened  oil,  the  carbon  deposition  was 
somewhat  less  than  when  equally  viscous  thickened  (at  1C0°C)  fl-11 
commercial  diesel  oil  was  used. 

The  results  obtained  give  us  grounds  for  assuming  that  the 
requirement  of  polyisobutylene-thlckened  oils  for  a  higher  addi¬ 
tive  concentration  is  due  not  to  thermal  depolymerization  of  the 
thickener  molecules,  as  N.G.  Puchkov  stated,  but  to  the  reduced 


109 


TABLE  48 

Results  of  Laboratory  Evaluation  of  Thickened  Oils 
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0,80 
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^08 
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0,70 
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26 
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1.1,1 

3,44 
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To  )kc  c 'noAHtnoCyTH- 

11,54 

3,29 

MHXn-2H  0.00 
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1)  Specimens; 

2)  Additive; 

3)  Oils; 

4)  min; 

5)  Deposits,  %\ 

6)  NAMI  corrosion, 

g/m2; 

7)  Alkalinity,  mg  KOH; 

8)  Monto; 

9)  Santolyub; 


10)  Type  3  spindle; 

11)  The  same,  with 

polylsobuty lene; 

12)  None. 


susceptibility  of  thickened  oils  to  the  action  of  multipurpose  addi¬ 
tives  . 

We  attempted  to  evaluate  the  comparative  susceptibility  of  a 
polyisobutylene-thickened  oil,  the  base  oil  (type  2  spindle  oil), 
and  equally  viscous  thickened  H-11  distillate  oil  to  certain  addi¬ 
tives  and  additive  compounds.  We  compared  a  number  of  the  indices 
obtained  for  the  additive-containing  oils  in  laboratory  determina¬ 
tions  of  thermostability  by  the  GOST  9352-60  method,  corrosive  ag¬ 
gressiveness  by  the  stringent  NAMI  method,  residue  after  oxidation 
in  UK-2,  and  alkalinity  (by  potentiometric  titration).  The  results 
of  these  determinations  are  given  in  Table  48. 

In  analyzing  the  results  of  the  laboratory  tests,  it  must  be 
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Fig.  l6.  Influence  of  viscosity  Improvers  on  relative  oil  viscosity 
at  high  shear  speeds.  1)  SAE-10  base  oil;  2,  3,  the  same  oil  with 
viscosity  Improvers  Z;  5)  the  same  oil  with  hlgh-viscoslty 

residual  component.  A)  Relative  viscosity  at  100°C,  cSt;  B)  shear 
speed,  s • 


noted  that  the  polylsobutylene-thickened  oil  tended  to  have  a  lower 
alkalinity  than  that  provided  by  the  same  additives  for  the  oil  base 
(type  2  spindle  oil)  or  the  commercial  4-11  oil.  The  polymers  prob¬ 
ably  have  a  neutralizing  effect  on  the  alkaline  additive,  to  some 
extent  reducing  Its  ability  to  neutralize  the  acidic  products  formed 
during  oil  oxidation  and  thus  causing  a  decrease  In  the  detergent 
power  of  the  oil.  T.  Salomon  [39]  also  observed  a  clear  decrease 
in  detergent  efficiency  in  certain  thickened  oils  when  the  viscosity 
Improver  to  some  extent  neutralized  the  effect  of  the  detergent. 

Influence  of  Shear  Speed  on  Viscosity  of  Oils  Containing  Polymer 
Additives 

The  lubricating-oll  consumption  of  an  engine  depends  princi¬ 
pally  on  the  viscosity  acquired  by  the  oil  during  service  in  the 
vicinity  of  the  piston  rings  (where  the  temperature  is  150°C  or 
above).  It  Is  assumed  In  the  USA  that  the  oil  consumption  is  gov¬ 
erned  by  the  viscosity  at  1^8. 9®C  [110], 

K.  Dzhordzhl  [110]  showed  that  the  consumption  of  equally  vis¬ 
cous  (at  98.9®C)  oils  can  vary  by  as  much  as  5055  as  a  result  of  the 
difference  of  0.2-0. 7  cSt  In  their  viscosities  at  148.9®C.  Use  of 
oils  containing  polymer  additives,  which  have  substantially  better 
viscosity-temperature  properties,  should  seemingly  cause  a  substan¬ 
tial  reduction  In  consumption  over  ordinary  oils  with  the  same  vis¬ 
cosity  at  100®C.  No  such  effect  is  obtained,  however:  viscosity 
Improvers  have  no  material  influence  on  motor-oil  consumption  [110]. 

In  order  to  determine  the  causes  of  this  discrepancy,  K.  Dzhord 
zhi  employed  a  rotary  viscosimeter  to  determine  the  relative  viscos¬ 
ity  of  thin  oil  layers  at  high  shear  speeds. 

Figure  16  shows  the  viscosities  of  a  number  of  oils  (100°C) 
at  shear  speeds  of  up  to  1A0,000  s“'. 

Since  addltlve-free  distillate  oils  are  Newtonian  fluids  at 
100°C  and  their  viscosity  is  independent  of  the  shear  speed,  the 
SAE-10  base  oil  with  a  viscosity  of  6.8  cSt  and  the  mixture  of  this 


oil  with  a  hlgh-vlscoslty  (9.5  cSt)  residual  component  are  repre¬ 
sented  on  the  graph  by  straight  lines.  The  other  three  oils,  which 
were  prepared  by  thickening  the  SAE-10  base  oil  to  9.5  cSt  at  100®C 
with  three  different  viscosity  Improvers,  are  represented  by  curves, 
since  their  viscosity  decreased  as  the  shear  speed  Increased. 

TABLE  H9 


Shear  Speed  In  Engine 


nOptUHH  II  UlIJIMHApW 

• 

s 

rioaiUMnHHKH  KoaeHiaToro 

BBBI 

2 

CuopocTb 

nopuiHi, 

CMletK 

3 

Saaop  Meix- 
xy  riopuiKcu 
H  ukjihka* 
pOK,  CM 

4 

CuopoCTb 

CAUHra, 

ceK~^ 

6 

^NOpOCTb  BpaUICHHH 
CMjctK 

7 

3a3op  B . 
nOAUlMPHii- 

KBX,  CM 

4 

CKOpOCTb 

cjuNra, 

2.5 

0,025 

100 

0  5,08  cm 

0,025 

18800 

2A 

0,0  25 

1000 

8 

0,0025 

188000 

750 

0,025 

300,X) 

n  s  1800  off  1  Man 

0,00025 

188u000 
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300)00 

75') 

0,00025 

3000000 

1)  Pistons  and  cylinders;  5)  Crankshaft  bearings; 

2)  Piston  spoed,  cm/s;  6)  Angular  speed,  om/s ; 

3)  Clearance  between  pis-  7)  Bearing  clearance,  cm; 

ton  and  cylinder,  cm;  8)  r/min. 

4)  Shear  speed,  s~^; 


The  curves  In  the  figure  show  that  mineral  oils  containing 
viscosity  improvers  are  not  Newtonian  fluids  and  that  tnelr  vis¬ 
cosities  approximate  to  that  of  the  base  oil  at  high  shear  speeds. 
Thl?  also  explains  the  inability  of  viscosity  Improvers  to  mater¬ 
ially  reduce  motor-oil  consumption  over  base-oil  consumption. 

It  It  Interesting  that  not  all  polymer  additives  behave  Iden¬ 
tically  at  high  shear  speeds.  While  the  curves  characterizing  the 
mixture  of  SAE-10  oil  with  additives  X  and  7  aoproxlmate  to  line  1 
(the  base  oil)  at  shear  speeds  of  100,000  sec”^ ,  the  mixture  of 
SAE-10  oil  with  additive  Z  seems  somewhat  better  from  this  stand¬ 
point  . 

The  change  in  oil  viscosity  when  the  shear  speed  Is  Increased 
Is  not  Irreversible.  The  viscosity  of  the  test  specimens,  measured 
in  an  ordinary  capillary  viscosimeter  at  the  end  of  the  experiment, 
was  found  to  coincide  with  the  Initial  value  obtained  before  the 
experiment  for  the  same  sr^^clmens. 

Table  49  shows  ty[ xcal  shear  speeds  that  have  a  detrimental 
effect  on  oil  in  an  engine  [125]. 

As  can  be  seen,  the  shear  speeds  In  an  engine  reach  very  high 
levels.  With  a  clearance  of  0.0025  cm  between  the  piston  rings  and 
cylinder  walls,  the  oil  film  Is  subject  to  a  shear  speed  cf  about 
300,000  Since  the  clearances  In  an  operating  engine  are 
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probably  substantially  less  than  0.0025  cm,  the  actual  shear  speed 
Is  far  greater  than  that  mentioned  above  and  may  reach  several  mil¬ 
lions  of  s“  [110],  With  this  enormous  shear  speed,  oils  contain¬ 
ing  polymer  additives  will  have  a  viscosity  at  the  working  tempera¬ 
tures  of  appropriate  assemblies  that  Is  substantially  less  than  the 
calculated  figure. 

This  phenomenon  is  attributable  to  the  orientation  of  the  long 
polymer  molecules  in  the  rapidly  flowing  stream,  so  that  they  cease 
to  present  any  obstacle  to  movement  of  the  base-oil  molecules. 

A  very  interesting  property  of  oils  containing  thickening  addi¬ 
tives  is  their  ability  to  counteract  the  influence  of  high  shear 
speeds  when  the  temperature  Is  raised.  Thus,  K.  Dzhordzhl  noted 
that  shear  speed  has  an  effect  on  the  viscosity  of  a  thickened  oJ.l 
that  exceeds  10"  at  100®C,  10*  at  38°C,  and  10"^  s"' 

at  21'>C. 


TABLE  50 

Viscosity  of  Thickened  Oils  at  High  Shear  Speeds 
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1)  Oil;  2)  polymer;  3)  amount  of  polymer,  4)  Temperature,  °C;  5) 
Initial  viscosity,  cSt;  6)  Increase  in  viscosity  resulting  from 
addition  of  polymer,  1>\  7)  viscosity  at  high  shear  speed,  cSt;  8) 
temporary  decrease  with  respect  to:  9)  Initial;  10)  increase 
resulting  from  addition  of  polymer;  11}  polyisobutylene;  12)  poly¬ 
methacrylate;  13)  methacrylate  copolymer;  14)  the  same. 


J.  Musselman  and  S.  Darling  [122]  established  that  the  tempor¬ 
ary  decrease  in  the  viscosity  of  a  thickened  oil  under  the  action 
of  high  shear  speeds  in  engines  Is  governed  by  the  type  of  polymer 
and  its  content  In  the  oil,  as  well  as  by  the  oil  temperature.  This 
decreases  ranges  from  21  to  h6%  of  the  Initial  viscosity  for  differ¬ 
ent  concentrations  of  different  polymers.  The  decrease  with  respect 
to  the  rise  in  viscosity  due  to  solution  of  the  polymer  In  the  base 
can  amount  to  from  56  to  97!?  (see  Table  50). 

It  has  also  been  noted  that  a  rise  In  temperature  can  Inhibit 
the  decrease  In  viscosity  caused  by  high  shear  speed.  It  Is  thought 
that  this  Is  a  very  valuable  specific  property  of  thickened  oils, 
having  a  favorable  effect  on  engine  operation. 

During  starting,  when  the  oil  Is  cold  and  its  viscosity  Is  high, 
the  viscosity  of  polymer-containing  oils  decreases  almost  to  that 
of  the  base  oil  under  the  action  of  high  shear  stresses  and  speeds. 

As  a  result,  the  wear  during  the  first  5-10  min  of  cold-engine  oper¬ 
ation  Is  reduced  by  a  factor  of  30-60  when  thickened  oils  are  used 
[123], 

The  temperature  and  shear  speed  Increase  during  further  opera¬ 
tion,  but  the  Influence  of  shear  speed  is  reduced  at  high  tempera¬ 
tures  and  the  decrease  In  viscosity  reaches  only  21-HS%  of  the  Ini¬ 
tial  viscosity. 
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^In  1867  the  Americans  Eames  and  Seely  were  awarded  Pat¬ 
ent  No.  66,573,  which  presented  the  Idea  of  Improving 
the  rheological  properties  of  oils  by  dissolving  India 
Rubber  In  them.  The  Idea  remained  unused  because  of  the 
Instability  of  the  natural  rubber  solutions. 
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Chapter  3 

COMPARATIVE  ENGINE  CHARACTERISTICS  OF  OIL  PRODUCED  FROM  AZERBAYDZHAN 
CRUDE  OILS  AND  WAYS  OF  IMPROVING  THEIR  PROPERTIES 

§1,  EVALUATION  PROCEDURE 

Investigations  related  to  improvement  of  oil  and  additive  prod¬ 
uction  technology,  quality  control  for  current  production.  Introduc¬ 
tion  of  new  types  of  raw  materials,  synthesis  and  selection  of  oil 
additives,  and  classification  of  commercial  oils  necessitate  engine 
testing  of  oils.  Physicochemical  test  methods  can  be  used  to  Identi¬ 
fy  different  types  of  lubricating  oils  and  to  check  their  properties. 
They  are  not  suitable  for  evaluating  the  service  characteristics  of 
motor  oils  [1].  Various  laboratory  methods  have  been  developed  In 
recent  years  [2,  3],  but  evaluations  of  oil  service  characteristics 
made  with  these  procedures  do  not  completely  conform  to  oil  behavior 
In  engines  and  it  Is  therefore  Impossible  to  predict  prec.lf=-’;  ,  i:'ie 
behavior  of  the  oils  under  operating  conditions. 

One  reliable  method  for  evaluating  motor-oil  service  charac¬ 
teristics  Is  direct  engine  testing  [2,  3,  ^1. 

Different  systems  for  evaluating  and  processl:*^  results  are 
generally  used  in  developing  procedures  for  appraising  the  result 
of  oil  engine  tests.  In  this  connection.  It  Is  of  Interest  to  de¬ 
termine  the  extent  to  which  each  of  them  permits  clearer  differen¬ 
tiation  of  different  types  of  oils  and  to  which  the  oil  appraisal 
obtained  agrees  with  the  behavior  of  the  oil  In  the  most  commonly 
employed  engines. 

Researchers  occupied  In  developing  oil-test  regimes  did  not 
take  it  upon  themselves  to  design  a  special  engine  for  this  purpose 
but  used  serial-  or  mass-produced  engines.  When  these  engines  went 
out  of  production,  they  were  forced  to  switch  to  other  models  and 
the  test  regimes  selected  differed  from  those  previously  employed. 

It  Is  characteristic  that,  in  many  cases,  the  test  regime  and  pro¬ 
cedure  for  engines  of  a  given  type  differed  substantially  In  dif¬ 
ferent  organizations.  Such  a  situation  could  have  arisen  only  as 
a  result  of  improper  selection  of  test  procedures  and  regimes.  In 
the  absence  of  standard  engines  and  stand-test  methods  for  oils, 
objective  comparison  of  results  obtained  In  different  laboratories 
is  impossible. 

The  first  attempts  to  test  oils  for  tractor  diesels  by  a  uni¬ 
fied  procedure  were  made  In  1950.  For  this  purpose,  the  Interested 
agencies  agreed  on  a  program  In  the  procedure  for  900-hour  stand 
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tests  in  serial-produced  J}.-35  tractor  diesels.  The  tests  were  In¬ 
tended  to  establish  the  suitability  of  the  oil  tested  for  use  In 
tractor  diesels  by  comparison  with  results  obtained  In  tests  with 
a  standard  oil.  The  criteria  for  evaluating  oil  properties  were  the 
plston-rlng  mobility,  the  amount  of  deposits  on  the  pistons,  rings, 
oil  filters,  oil  pan,  and  other  compinents,  the  wearing  of  the  main 
rod  and  crank  components  and  cylinder  sleeves,  the  oil  consumption, 
the  change  In  engine  power  and  economy  Indices,  and  the  physico¬ 
chemical  properties  of  the  worked-out  oil. 

Despite  a  number  of  not  entirely  fortunate  methodological  as¬ 
pects,  these  tests  played  some  part  In  the  organization  of  oil  test¬ 
ing  by  a  single  procedure.  Experience  In  its  use  made  it  possible  to 
find  ways  of  Improving  the  method  by  seeking  better  test  regimes, 
techniques  for  quantitative  and  qualitative  evaluation  of  deposits 
and  component  wear,  and  a  methodological  basis  for  accelerated  oil 
tests , 


In  addition  to  this  method,  a  number  of  scientific  research 
Institutes  have  recently  conducted  brief  preliminary  oil  tests  in 
small-displacement  single-cylinder  engines. 

In  order  to  reduce  the  test  time,  oils  are  tested  in  an  engine 
operating  under  a  hlgh-temperature  regime.  For  this  purpose,  the 
coolant  temperature  Is  brought  to  ii;C-loC"C  and.  In  some  cases,  to 
220°C  (ethylene  glycol  Is  used  as  the  coolant). 

Thus,  several  variants  of  a  procedure  for  accelerated  oil  tests 
in  an  HT-3  diesel  engine  (with  a  working  volume  of  652  ml)  have 
been  developed  at  the  VNII  NP  [All-Union  Scientific  Research  Insti¬ 
tute  of  Petroleum  and  Gas  Refining  and  Production  of  Artificial 
Liquid  Fuels]  under  the  supervision  of  V.F.  Filippov  [5]:  anti- 
carbon-deposltlon  and  anticorrosion  properties  are  determined  In 
one  case  and  the  tendency  of  the  oil  to  cause  tar  deposition  on 
the  first  compression  ring  Is  determined  in  another. 

Procedures  have  also  been  developed  for  evaluating  other  oil 
properties.  One  method  devised  at  the  VNII  NP  provides  for  deter¬ 
mination  of  the  thickness  and  character  of  the  tar  layer  formed  on 
the  piston  skirt  of  an  HT9-2  carburetor  apparatus,  using  a  radio¬ 
active  material  applied  along  the  piston  genetrlx  In  the  zone  of 
maximum  tar  formation. 

The  first  lubrlcatlng-oll  engine  tests  at  the  Nil  GSM  [Scien¬ 
tific  Research  Institute  of  Fuels  and  Lubricants]  (HUM  rCM)  were 
conducted  In  an  MT9-5  carburetor  by  the  rCM-20  method  and  with  an 
0/1-9  single-cylinder  engine  section. 

A  special  single-cylinder  apparatus  for  engine  testing  of 
yMM-3-HATM  oils  was  developed  on  the  basis  of  the  tractor  die¬ 

sel  (with  cast-iron  pistons)  at  the  NATI  (HATM)  In  1957  [7]. 

Table  51  gives  certain  data  on  methods  for  evaluating  oils 
in  single-cylinder  and  full-sized  engines.  Stand-test  methods  have 
come  Into  wide  use  and  have  undoubtedly  been  a  great  aid  in  deter¬ 
mining  the  antlcxldatlon,  anticorrosion,  detergent,  and  other  nro- 
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TABLE  51 

Certain  Data  on  Procedures  for  Evaluating  Motor  Oils 


0>* 

\ 

r 

!i 

• 

1 

c  ■ 

C4 

^  ** 

SSiJS  • 

K  S  >  S 

M  §*3 

5  3 

Hii 

•a  S-"  ^sr 
•s  &'X  a> 

S 

S 

i 

u 

1 

1 

m 

m  • 

it 

«■ 

3 

s 

41 

o 

.  1 
o 

z  C®  is 

'i®  z 

1  .=  § 

S  2  * 

5  a  K  X 

X  a  n  a 

2  ^  T  “ 

ssj 

5  s  ■  i  = 

H"2-S 

Z  9-^  CL* 

2  Q  o  i 

g  O  q  ><  *■ 
rd 

B  M  ^  ii 

B  B  ff  2  ^ 

^"§5  5 

5  „•  ij  a  X  z 

SS-oCg" 

*  2  *  i 

®  q  B  -  ?  - 

n  X  B  H  A 

g  *  3  1  e  S 
?=o  5§" 

Bg3go535 

*ifsss§s„ 

HUi  N 

e  5  r  * 

S  “  5  _ 

j*3  x*®  3 

ills" 

w  ®  x*  ■  S 

5  o  £  ..  ■ 

Z  M  R  (V 

liillL 

C  N 

.3 

X  S  2  *  g  2  P 
.  g  ga  a  ^  g  9 

M  c  n  ^  t  s  s 

W  O  ■«  V  •«  * 

lgxgS5*2 
i  E  “  S  z  g  gl 

IzS^izgg 

3  *  S  S  a  a  gs' 

C  « 

m 

.  ■ 

S 

a 

M  S 

n 

B  •  a 

M  B  H 

2  H  <J  S 

Aj  M  IS  9 

|-s« 

i3-i 

j  z  3  B  ' 

s 

£  2  z  « 

5. B  «  ^ 

«  B  o  5 

2  B  0.4^ 

S  H 

«j  B  O  3 

6, *  X  *  « 

c 

S  o  = 

Ai  M  4» 

sSl 

•  20 
z  * 

stii 

S  t  *  i 

A  X  It  cw 
^  X  2  B 

spai 

<“C  ^ 

Sms 

lag. 

ll3 

^  a  5 
f-  3  5  ' 

ait. 

Sg- 

't  o  S«.« 
g.*8"  N 
C  M 

oSSS 

a  m  S  q 
?  B  4»  S 

||-S3 
g.  o  a  •< 

g  e  3 
•>  e  X 
s  S  ■  & 

|g§i 

X  o  m  S 
o  5  cw 

ixS" 

ti  C  a  X  • 

m 

1 

y 

1 

«  k  ‘irsiii 
•'NMaN)  NOdo' 

O) 

1  1 

*-> 

V 

i 

m 

a  ai9ld>]l 

«  irsiN 

1 

8§ 

18 

117 

j.8 

37  . 

CO  ' 

•H 

s 

•>  MXMN 
•nx  09 1 
•aerxerxo 

1 

19 

i  _  _ 

VO 

“H 

8 

^  mwlQo 

|<o 

1 

<*  'j  'r 

Qmi 

9 

«!5 

^  k 

1 

ss 

S2 

§ 

§ 

is; 

li“ 

•0 

e5 

xo 

• 

cl* 

• 

3 

NH 

i 

o 

il|:| 

jSjS* 

e< 

X 

X 

X 

s 

• 

X 

X 

.X  . 

§ 

X 

« 

c 

X 

X 

i 

«l 

F 

« 

k 

« 

120 


TABLE  51  CONTINUED 

s 

a 

s 

?• 

o 

fi 

V.  » 
ed  ^ 
i  u 

i*  « 
0 

1 

* 

s 

fr 

u 

s 

o 

X 

X 

m 

w 

5s 

a  « 

O 

:< 

X 

s 

S  1 

1 

1 

S* 

■S  O  OD 

8  *  S  a."  — 

=‘§222P 
£  S  ■  2  CS 
§o:*gS 

iSsi:| 

mm 

A  *>  ■ 

Ox  P 

w  *  .  o 
«  *  5 

ii^ls 

SS2&!: 

«  o  5  X 

5  •  •  ^ 

£  o  ^  .  K 

V  «  o  « 
o  9  M  9-  3: 
z  9  s  ^  ^ 

ilSis-' 

c  '' 

A  A  A  A** 

5  z  X  S  3  4> 

^  z  *  t  O  r 

3*1  JS  O  X  X  ^ 

X  z  S  o.  Z  S  ^ 

igi  s'^fs 
g  «  K  S'*  S  S 
£S  3iri  . 

issl-ssss 

Szoeb2o«>S« 

Ssep«.z^z^ 

c 

K  X«B  X  K  A  X 

g>|||8 

iilesSs 

3  X  o.  j  a  >*  V 

Gu  ^  X  xtf  X  X  ^ 

O  S  X  3  X  *.  g 

*=0  "g..* 

d  '^  -  2  B  . 

^  *  X  - 

8°  ^«S* 

5  -■  B  S  B  §  S  „ 

Ss3«,SSi(s 

S  n  a.x  BO  0.2 
gSggl.l^ar 

C 

S  »  "  5  “ 

.«  S’®  3  r, 
g  X  g  2  J  « 

X  A>  X  ^  il 

5  .2  *  01  *• 

X  5  C 
aS  5| 

S®  -•1 

5  o  K  _  z 

X  »  *  2 

«<:  H  X  5  a 
X  5  a>  ^  ^ 
X  r  O.P  a  S 

gRiigx 

SSsS^ 

Si  Z  r  CkZ 

"  £  S 

»  0  2«  X  5 
f*  X  01  5  g 

a  t  a  r  a  2 
•-  ®  rs  a  r  a 

*  i  *  ^  a- 1 

S  1  2  o  5  £ 

grftxSS" 

c 

S  «  “ 
y  C  M 

S'? 

£  S  2X 
8“S, 

u  M  a.S_, 

t'  £  2  * 

*  2  g  *  S' 

i*  *2*2 

s  ■  a  ^ 

<«  X  e  B  2 
►j  X  o  r  a  <n 

>» 

(9X0 

*1  = 

o  X  ■ 
o  o 

K  #>>•« 

«  2  — 

X  o- 

K  C  * 

5  xx.. 

s  »  a 

X  o  p  • 

X  H  V  S 

= 

c  ~ 

'XX 

C  a 

S:  n  o 
r  X  X 

§<=’&■ 

.“ii= 

1  O  M  X 

ixSg. 

2*2*' 

^  X  a  U 

X  £  a  a  « 
i  i  I  "a 

Soi*| 

a  g  g  5  «* 

B  X  3  g-K 

sSii? 

“slsp 

a  *  &2 

a  “  2 

£  a  a  5  S  a 

3  X  a  a  H  * 

O  N 

ga» 

r  R  ft. 

a  ft  V 

°s> 

a|i:J 

5  5x 

5  K  a 
tag 

l-o.E 
?  o 

2  •-  e? 

Sis-  . 

c 

A  «  A 

S  =  *  s 

3  a  V 
fco"5  5 

£=  i  5 

“  C.2- 

o  e  o 

C  “  H 

i!  9  K  2 

io?-s 

O  ^  M  tl 

s  *  o  ■  t 

a  S  «  a  S 

H  C  1  Z  ••  f*> 

..  N 

8 

XM 

3 

10 

s 

2 

8 

mt 

03 

S 

IS 

}5- 

IS  • 

U3  w 

0* 

8 

sg 

1 

£ 

8 

1 

S 

03 

H 

s 

f  . 

S 

s 

i 

•--v 

2 

3 

1 

g 

a 

i  . 

03  C< 

■  ( O 

is 

ii 

i 

1  9 

J,8j 

i|2 

si^  , 

28 

l'^J 

iiiss 

*8^ 

3 

O 

V 

§ 

3§ 

8 

w 

§ 

s 

• 

3 _ 

< 

oc 

•a 

ri 

< 

«K 

s<s 

dkO. 

lO 

t 

03 

< 

u. 

w« 

m 

< 

u 

c 

£ 

X 

X 

C 

9 _ 

cr 

X< 

xc 

=5 

ax 

cr 

x< 

151  ' 

S££ 

x'c: 

*<r 

=css 

HXS^ 

-<rx< 

zsgsx 

cr 

x<< 

CCS 

rxai 

xr< 

BXC 

cr 

x< 

xcr 

r»<£ 

rr< 

BSX 

a 

o 

M 

121 


Key  to  Table  51 


1)  No.j  2)  organization  thac  developed  or  uses  method;  3)  type  of 
engine;  4)  test  regime;  5)  duration,  h;  6)  hp;  7)  rpm;  8)  tempera¬ 
ture,  ®C;  9)  coolant;  10)  crankcase  oil;  11)  oll-chemge  time,  h; 

12)  purpose  of  tests;  13)  Indices  evaluated;  14)  name  and  purpose 
of  procedure;  15)  preliminary  evaluation  of  antl-carbon-deposltlon 
and  anticorrosion  properties  of  additive-containing  oil;  16)  the 
same,  preliminary  evaluation  of  tendency  of  oil  to  produce  deposits 
on  pistons;  17)  preliminary  evaluation  of  engine  properties  of  oils 
(type  Xfl  and  series  I);  18)  determination  of  suitability  of  experi¬ 
mental  oil  for  use  In  tractor  diesel;  19)  establishment  that  engine 
properties  of  test  oil  meet  requirements  for  Xfl  and  series  I  oils; 

20)  preliminary  evaluation  of  engine  properties  of  experimental 
series  II  and  III  oils;  21)  establishment  that  experimental  oil 
satisfies  requirements  for  series  II  and  III  oils;  22)  evaluation 
of  service  characteristics  of  motor  oils  Intended  for  tractor  and 
automobile  engines;  23)  establishment  of  suitability  of  experimental 
oil  for  use  In  carbureted  engines;  2^)  amount  of  deposits  on  pistons 
and  rings,  tar  color  In  points,  VSI,  lead-plate  corrosion;  25) 
the  same,  amount  of  deposits  on  pistons  and  rings,  tar  deposits  on 
pistons  In  point,  VSI,  tar  deposits  on  standard  metal  plates,  oil 
analysis;  26)  ring  mobility,  amount  of  deposits  on  pistons  and 
rings  (In  points),  wear  of  cylinder  sleeves  and  rings;  27)  ring 
mobility,  amount  of  deposits  on  engine  components,  component  wear, 
change  In  engine  power  and  economy  indices,  oil  consumption,  analy¬ 
sis  of  worked-out  oil;  28) (ring  mobility,  amount  of  deposit  on  en¬ 
gine  components  (evaluation  of  carbon  deposition  on  point  scale, 

344-?  method);  29)  ring  mobility,  amount  of  deposit  on  engine  com¬ 
ponents,  In  oil  pan,  and  In  cylinder-sleeve  exhaust  ports;  30) 
ring  mobility,  amount  of  deposit  on  pistons,  rings,  cylinder  ex¬ 
haust  ports,  and  oil  pan.  wearing  of  engine  components,  change  In 
engine  power  Indices;  3l5  ring  mobility,  deposits  on  pistons  and 
nonworking  portion  of  cylinder  sleeves  (In  points).  Iron  content 
of  oil;  32)  ring  mobility,  amount  of  deposits  on  pistons  and  rings 
(In  points) ,  wearing  of  cylinder  sleeves  and  rings;  33)  ring  mobility, 
amount  of  deposits  on  engine  components,  component  wear,  oil  con¬ 
sumption,  analysis  of  worked-out  oil;  34)  MKM-36  (oils  for  labora¬ 
tory  engines),  HjlM-504>  (oils  for  diesel  engines);  35)  eva2.uation 
of  class  XjQ  and  series  I  oils;  36)  evaluation  of  series  IT  and  ser¬ 
ies  III  oils;  37)  method  No.  1. 


pertles  of  motor  oils  during  prolonged  high-speed  engine  operation 
at  high  oil  and  coolant  temperatures.  It  Is  thought  that  prolonged 
engine  tests  under  stand  conditions  with  a  hlgh-temperature  regime 
permit  adequate  evaluation  of  oil  performance  under  severe  service 
conditions . 

Stand  conditions  for  engine  testing  of  oils  can  be  selected 
In  such  fashion  that  a  satisfactory  or  unsatisfactory  rating  can 
be  obtained  for  any  oil  (depending  on  the  conditions  chosen).  With 
the  engine  operating  for  prolonged  periods  at  high  speed  and  high 
temperatures,  oil  stability  and  oxidation  resistance  Is  of  decisive 
Importance;  when  tests  are  conducted  under  mild  conditions,  with 
the  engine  Idling  at  low  temperatures,  the  contamination  of  the  oil 
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with  products  entering  It  from  the  combustion  chambers  is  of  great- 
test  Importance, 

A  number  of  the  engine-test  procedures  we  employed  In  investi¬ 
gating  motor  oils  obtained  from  Azerbaydzhan  crude  oils  are  des¬ 
cribed  below. 

Procedure  for  Oil  Screening  Tests  In  mt  9-3  Engine  (njlM-SOe  VNII  NP) 

The  wide  use  of  small  MT-9  engines  for  oil  tests  is  due  to 
the  fact  that  they  permit  evaluation  of  engine  properties  and 
classification  of  oils  under  actual  engine-operating  conditions 
with  an  appropriate  fuel  within  a  short  time  (less  than  50  h)  and 
with  small  amounts  of  experimental  oil  (less  than  5  kg). 

The  design  features  of  the  MT  9-3  engine  (variable  compression 
ratio,  regulable  heating  of  oil  and  incoming  air,  and  spray-cooled 
cooling  system  of  thermos Iphon-evaporator  type)  makes  it  possible 
to  adjust  the  engine-operation  regime,  particularly  its  thermal 
aspects,  over  a  broad  range  and  to  hold  It  within  narrow  limits. 

This  permits  use  of  the  MT  9-3M  engine  for  modeling  of  oil-service 
conditions  In  the  most  varied  diesel  engines. 

The  MT  9-3M  engine  is  sufficiently  sensitive  to  oil  quality 
and  can  operate  normally  with  oils  of  all  series  having  viscosities 
between  6  and  22  cSt  at  100°C.  The  high  precision  with  which  the 
components  of  the  MT  9-3M  engine  are  fabricated,  their  wear  resis¬ 
tance,  and  the  simplicity  of  engine  assembly  and  servicing  satisfy 
the  requirements  imposed  on  engines  for  oil  screening  tests. 

The  procedure  In  question  has  been  designated  as  the  Mj[lM-K-50<l> 
method  (dlesel-oll  testing  by  combined  method  for  50  h  under  super¬ 
charged  regime). 

This  evaluation  procedure  is  intended  for  MA  (premium),  MB 
(Heavy  Duty,  HD^XH)),  MB  (series  I),  MT  (series  2),  and  MU  (series 
3)  motor  oils. 

Engine  oil  properties  are  evaluated  from  the  amount  and  charac¬ 
ter  of  the  deposits  on  the  piston  and  piston  rings,  from  piston¬ 
ring  mobility,  from  antiwear  and  anticorrosion  properties,  and  from 
the  change  In  the  physicochemical  indices  of  the  oil  during  service 
in  the  MT  9-3M  engine. 

The  procedure  essentially  consists  in  a  brief  test  in  a  sin¬ 
gle-cylinder  compressive-ignition  MT  9-3M  engine;  the  test  lasts 
50  h  in  10-h  stages.  It  is  conducted  under  a  special  iilgh-tempera- 
ture  regime  based  on  preliminary  investigations  conducted  with  the 
MT  9-3M  engine  and  on  comparison  of  the  results  of  tests  conducted 
with  dlfferer  rroups  (series)  of  oils  in  the  MT  9-3M  engine  with 
their  behavior  in  various  serial-produced  engines  under  stand  and 
operating  conditions.  Oil  engine  properties  are  determined  by  com¬ 
paring  the  results  obtained  for  the  Indices  to  be  evaluated  in 
tests  conducted  with  a  specimen  and  a  standard  in  a  given  apparatus. 

This  method  is  intended  for  screening  tests  in  synthesizing  oil 
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additives,  in  selecting  additive  compounds  for  given  groups  (series) 
of  oils,  in  developing  new  technological  processes  for  producing 
oils  and  additives,  in  introducing  new  types  of  rav’  materials,  and 
in  quality  control  and  evaluation  of  commercial  oils  and  additives. 

In  connection  with  the  change  in  the  purpose  of  the  HT  9-3 
apparatus,  it  has  been  reequipped  for  oil  tests  and  the  following 
modifications  have  been  made  in  its  construction: 

1.  The  engine  speed  has  been  raised  from  900  to  1200  r/mln  by 
changing  the  pulley  on  the  electric  motor. 

2.  In  order  to  Increase  the  reliability  with  which  the  thermal 
state  of  the  engine  is  monitored,  thermocouples  have  been  installed 
in  the  center  of  the  cylinder  head,  the  exhaust  pipe,  the  outlet 
tube  from  the  cooling-system  condenser,  the  water  chamber  used  to 
cool  the  sprayer,  the  Intake  pipe,  and  the  crankcase. 

3.  In  order  to  Improve  the  reproducibility  of  test  results, 
the  piston  rings  are  lubricated  by  the  spray  method.  For  this  pur¬ 
pose,  the  oil  passage  to  the  piston  pin  in  the  rod  has  been  stopped 
up  and  holes  ^  mm  in  diameter  have  been  drilled  in  the  upper  end 

of  the  rod,  the  bushing,  and  the  piston  bosses. 

4.  A  measuring  device  has  been  installed  to  determine  the  ell 
flow  in  the  lubricating  system. 

5.  The  high-quality  filter  has  been  removed  from  the  lubricat¬ 
ing  system  and  a  cock  has  been  installed  for  taking  oil  samples. 

6.  A  device  for  attaching  plates  Intended  for  determination 
of  anticorrosion  properties  has  been  mounted  on  the  Inside  of  the 
crankcase  lid. 


The  technical  characteristics  of  the  test  apparatus  are  as 
follows : 


I  Thh  iiBMraTc.i« 


^  AH'IMCTP  IlH.IHMAP^ 

<•  XnA  no 

5  Paoo  II  fl  0')^CM  UHJIHHdpa 

6  Ctciiciii.  cniantfi 

7  o5o,oro8  .rB  iraTCA* 

8  MaKCHMJAbaaii  84*<^<^*‘rHBHaa 

HjUiiiocTb  AHHrarc.m 
8  CMCTCMa  CjUaiKH 
l  0  Emko.'tb  chctcmm  cnaaKH 
1  1  (iHTiHHe  AOHraieai 

1  2  riyCB  H  TOpnoikeHMe  ABHriTeja 


2  0.it:o:iHaHii.ipoauA, 
c  iiocu.-.aMfiiCHi.evi  or 
€)Kaiiii>.  Metupe^* 
^  TaKTiib.ii  ifopK^Mep* 
Hb  A 

SS.O  MM 

MM 

0/52  M' 

1  3  oT  7  ao  23 

1200^ dS.MUH  I  : 

'1,8  A.  C.  I  b 
17  KoMuHiIHI  OBlIlHiB 
3.0  4  1  8 

1  8  DpH  noujuiH  ojMOn.iyii* 

Mccpi.oro  nacoca  m  4iop' 
cyiiKH  aaKpuToro  thpi 

2  0  npN  nOMOUiM  .jeNTPOlfO* 

Topi  reHcpiiopi  Mou.iiO' 
cibi)  5,8  K$ 


1)  Type  of  engine;  2)  single-cylinder,  compresslve-lgnltlon,  four- 
stroke,  equipped  with  precombustion  chamber;  3)  cylinder  bore;  4) 
piston  stroke;  5)  cylinder  working  volume;  6)  compression  ratio;  7) 
engine  speed;  8)  maximum  effective  engine  power;  9)  lubricating  sys¬ 
tem;  10)  lubrlcatlng-system  capacity;  11)  engine  power  supply;  12} 


124  - 


engine  starting  and  stopping!  13)  fromj  1^)  toj  15)  r/mlnj  16)  hp; 
17)  combined}  18)  liters;  19)  with  slngle«p lunger  pump  and  closed- 
type  sprayer;  20)  with  electric  motor-generator  having  power  of 
5.8  kW, 


The  test  conditions  are: 
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2 

3 

t* 

5 

6 


i 

6 

9 

1  0 

1  3 

1  4 

1  5 

1  6 
1  7 

1  8 
1  9. 


2  0 
2  I 

2  2 


2  6 


np01OJ|]|(HTC;ibllOCTb  KCnUT<HI><i 
Mhcjio  oOopoTOj  AOMrarefft 
CTeiiciib  OKaTHH 

Vroa  onspexcciiMii  sripucKa  ronaMM 
■  rpaaycax  ;.o  BMT 
fliiaeHHc  anpucKa  TOnattaa 
TonaHBo 


50  *  2  7 

1201-HO  B 

15  I  0.2 


15‘^0.5  ' 

10ui4  Ktleji*  2  9 
3  0  AMseabHoe  TOCT 
305—58  c  rraepaca* 
HMeM  cepuG.-J— 1« 


0.8!  KtjH  3  1 

65  +  2’C 
25±2’C 


Pacxoi  TonaHBa 
T'pa  cosayxa.  nocrynanutero 

B  ABHrareab 

T-pa  toAbi,  oxaajKjaion  eft  ^’opcyxxy 
T-pa  oxiawAaiou  eA  ikhj'<octh 
1  lAa*  wafei  Oa.-'OBOfo,  MA  h  MB  (nprMHyM,  XJ)  l?'t±2'C 
1  2Aaa  Macea  MB,  MP  h  Mfl  (cepHM  I,  II,  III)  160x2*0 
)KHAKocTb,  oxaaiKAaioii.afl  uHaHiiAp  ABHrareaeA  CMecb  STHaeii*  3  2 

raMKoaa  cboa^ 

T'pa  MBcaa  b  KapTcpe  nepcA  aanycxoM 
ABHraTcaa 

T>pa  Macaa  b  Kaprepe  ABHraTeaa 
noraa  auxoAa  iia  pexcHM 
AasaeiiHe  Macaa  b  cHcreve  CMaaxN 
KoaHMecTDO  HcnuTjcMoro  Macaa, 
aaaHBiCMoro  b  ABHrareab 
AonycTHMb  A  MBKCHMaahHuA  pacxoA  uacaa 
AoaHB  Macaa 


62±2’C 

95  ±2*0 

2±0,I  KzlejP 


2  9 


3  S 


KoaHiecTBo  AoxHBaeMoro  Macaa 
KoaHHeciBO  oTpadoraHKOro  mbcbb, 
ocTaBaaaMoro  b  ABHrareae  nocae 
KawAhix  10  H  paCoTu 
OrOop  HDoO  Macaa 

2  3<iepe3  Smuh  nccaesanycKaABxraTeaa 
2  wno  OKOHsaHHH  McnuraHi'A 
2  s'lepca  KawAMB  10  a  pa^oTU 
flporNBOABBacHMe  Ha  abiaaone 


2600  a  3  3 
40  a/a  3  4 
Mepes  KaiKAue 
10  a  paOoTW 
ABHrareaB 
400  a  3  3 


2100  13  3 


100  a  3  3 
500  233 

3  gHBaHuiCK  CBipx  2l0O  a 
3  7  H:  (oace  I  mm  pa,  cm, 
CBepxaTMOc4>:pHoro  nan 
AOaiKHO  6uTb  paBHO  ar* 
Moc^iepHOMy 


1)  Test  time;  2)  engine  speed;  3)  compression  ratio;  4)  Intake-valve 
dwell  angle,  degrees  to  TDC  (BMT);  5)  Intake  pressure;  6)  fuel;  7) 
fuel  consumption;  8)  temperature  of  Incoming  air;  9)  temperature  of 
water  cooling  sprayer;  10)  coolant  temperature;  11)  for  base,  MA, 
and  MB  (Premium,  XJJ)  oils;  12)  for  MB,  Mr,  and  Mfl  C  series  I,  II, 
and  III)  oils;  13)  liquid  cooling  engine  cylinder;  1^)  oil  tempera¬ 
ture  In  crankcase  before  engine  start;  15)  oil  temperature  In  crjink- 
case  after  engine  brought  to  operating  regime;  I6)  oil  pressure  in 
lubrication  system;  17)  Initial  amount  of  test  oil  added  to  engine; 
18)  iraxlmum  permissible  oil  consumption;  19)  oil  added;  20)  amount 
of  oil  added;  21)  amount  of  used  oil  remaining  In  engine  after  each 
10  h  of  operation;  22)  oil  samples  taken;  23)  5  min  after  engine 
started;  24)  at  end  of  test;  25)  after  each  10  h  of  operation;  26) 
exhaust  counterpressure;  27)  h;  28)  rpm;  29)  kg/cm*;  30)  GOST  305- 
58  diesel  fuel  with  sulfur  content  of  0.9-lS;  31)  kg/h;  32)  mix¬ 
ture  of  ethylene  glycol  ’'nd  water;  33)  g;  34)  g/h;  35)  after  every 
10  h  of  engine  operation;  36)  excess  above  2100  g;  37)  no  more  than 


1  mm  Hg  above  atmospheric  pressure  or  equal  to  atmospheric  pressure 


Note.  In  testing  oils  Intended  for  engines  under  severe  ther¬ 
mal  loads,  the  coolant  and  oil  temperatures  can  be  raised  by  10  and 
20®  respectively. 

In  research  work,  tests  on  oils  In  group.;  B,  r,  and  A  can  be 
conducted  at  a  coolant  temperature  of  160-170  or  l80®  and  an  oil 
temperature  of  100,  110,  or  120®.  The  coolant  temperature  for  oils 
In  group.v  A  and  5  can  be  taken  as  130  and  140®  respectively.  The 
test  time  can  be  reduced  to  10  h  In  these  cases. 

The  test  results  are  evaluated  by  the  modified  SP-124/55  and 
344-T  methods  [8],  as  well  as  from  the  weight  of  the  deposits  on 
the  piston  component. 

Procedure  for  Testing  Diesel  Oils  in  yMM-3-HATM  Apparatus 

These  tests  are  Intended  to  evaluate  the  tendency  of  oils  to 
cause  carbon  deposition  on  the  piston,  piston  rings,  and  nonwork¬ 
ing  upper  portion  of  the  cylinder  sleeve  and  tar  formation  on  the 
piston  rings,  as  well  as  their  ability  to  protect  the  friction 
surfaces  against  wear. 

The  yMM-3-HATM  apparatus  Is  used  to  evaluate  these  properties 
for  additive-containing  oils  Intended  for  tractor  diesels. 

The  apparatus  consists  of  a  slngle-cyllndsr  engine  with  a 
general-purpose  crankcase,  auxiliary  equipment,  and  measuring  dev¬ 
ices  . 


The  yMM-3  engine  is  a  single-cylinder  section  of  the  block  of 
a  A-54  tractor  diesel  mounted  on  a  general-purpose  crankcase. 

The  crankcase  makes  It  possible  to  employ  a  number  of  differ¬ 
ent  cylinder-block  sections  from  tractor,  automobile,  and  other 
vehicle  or  stationary  engines  having  different  types  of  fuel  vapor¬ 
ization  and  a  cylinder  diameter  of  no  more  than  130  mm. 


The  dry-crankcase  lubrication  system  has  two  closed  channels, 
which  provide  separate  lubrication  of  the  engine  mechanisms. 


The  sealed  cooling  system  permits  use  of  ethylene  glycol, 
glycerol,  and  other  material  as  coolants. 


The  technical  characteristics 

Type  of  Engine 

Fucl-vaporizatlon 

method 

Piston 


of  the  yMM-3  engine  include: 

Four-s  roke,  compresslve- 
Ignll  xon,  noncompressor 
Eddy  chamber,  with  cast 
dJ  f fuser 

Cast  Iron,  with  spherical 
(spoon-shaped)  concavl'y 
In  face 
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Engine  speed  at  rated 
power 

Rated  poi-'jr 
Cylinder  bore 
Piston  stroke 
Engine  working  volume 
Average  effective 
pressure 


1300  r/mln 
13.5  hp 
125  mm 
152  mm 
1.86  liter 

2 

5.05  kg/ cm 


A  new  engine  or  an  engine  equipped  with  new  components  In  the 
rod-crankshaft  mechanism  undergoes  40-hour  running-in  In  repeated 
8-hour  cycles. 


The  coolant  temperature  and  the  oil-discharge  temperature 
should  be  80-90®C  under  loaded  conditions.  The  oil  pressure  Inp 
the  main  channel  is  adjusted  to  fall  between  1.9  and  2.1  kg/cm^ 
under  all  regimes. 

Runnlng-ln  Is  carried  out  with  type  50  Industrial  oil  (CV; 
GOST  1707-51)  containing  3^  UllATMM-339  additive. 

The  engine  is  run  In  for  5  h  before  each  oil  test  (  Table  52). 


In  order  to  check  the  condition  of  the  apparatus,  control  tests 
are  conducted  with  type  50  industrial  oil  (machine  cy)  GCST  1707-51 
containing  3?  UHATHM-339  additive  before  the  tests  are  begun  and 
and  after  3-5  specimens  have  been  tested;  the  rating  obtained,  using 
the  methods  described  above,  should  be  15  +  1  point.  If  such  a  rat¬ 
ing  is  not  obtained.  It  is  necessary  to  find  and  correct  the  defect 
in  the  engine.  All  the  tests  are  conducted  with  GOST  305-58  diesel 
containing  1.0  +  0.5!?  sulfur. 


The  oil  test  is  conducted  with  the  engine  operating  under  a 
constant  regime  and  lasts  45  h.  The  test  regime  Includes; 


Test  time 

Fuel  consumption 

Crankshaft  speed 

Coolant  temperature 

Oil  temperature  at  discharge 
(in  main  chinnel) 

Oil  t-  mpt.rature  at  dlschai’ge 
(in  auxiliary  channel) 

Oil  pressure  In  main  channel 

Oil  pressure  In  auxiliary 
channel 

Temperature  of  water  leaving 
sprayer 


45  h 

2.6  +  0.02  kg/h 
1300  +  r/mln 
135  +  2°C 

100  +  2®C 

do  +  3®C 
2  +  0.1  kg/c.-'* 

0.5  +  0.1  kg/cm* 

50  +  5^C 
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TABLE  52 


Regime  for  5-h  Runnlng-ln 


1 

M  no. 

2 

PeiKNii 

3 

Hirpy-K* 
AiHrateji, 
A.  e. 

4  • 

noKi'iTeab 

TopMoaa, 

KtM 

5 

^MCJIO 

o6r  poroB 
<(oaeH<iaTO.-o 
»ta»,o6lMUH 

6 

AanteaB* 
NOCTb  pa6o- 
Tu  MHra' 
Teaa,  muh 

1 

7 

XcMOAHill  OflMTKA 

10) 

15 

2 

To  Me  8 

1000 

20 

'  3 

9  •• 

* 

1300 

15 

4 

ropeme  oOmths 

0 

0 

30 

5 

To  Me  8 

•  1.8 

1 

30 

6 

II 

3,8 

2 

30 

7 

.5.5 

3 

30 

8 

7.3 

4 

•  30 

9 

9.1 

5 

30 

10 

H 

10,9 

6 

30 

11 

12.7 

7 

30 

12 

l< 

13,6 

7,5 

• 

10 

Note.  The  oil  is  not  changed  after  the  5-h 
ranning-in  period. 

1)  No.;  2)  regime;  3)  engine  load,  hp;  4)  braking 
index,  kg*m;  5)  crankcase  speed,  r/min;  6)  engine 
operating  time,  min;  7)  cold;  8)  the  same;  9)  hot. 


The  results  of  the  oil  tests  are  evaluated  from  the  amount  of 
tar  deposited  on  the  piston  rings,  from  the  thickness  and  amount  of 
the  carbon  deposits  on  the  nonworking  upper  surface  of  the  cylinder 
sleeve,  and  from  the  amount  of  deposits  in  the  oil-ring  gaps  and 
drainage  ports. 

The  evaluation  is  made  by  the  flBC  344-T  negative  system  for 
appraising  carbon  deposits  and  wear  [8]. 

on  Test  in  the  1  H-10.5/13  Engine 

The  single-cylinder  1  M-10.5/13  engine  is  very  similar  in 
design  and  characteristics  to  such  engines  as  the  fl-35  and  fl-54. 

It  is  consequently  the  most  suitable  for  preliminary  and  screening 
tests . 

Table  53  shows  the  main  technical  characteristics  of  the  J3-35 
engine. 

The  test  lasts  100  h  and  is  divided  into  10  individual  stages. 

With  the  engine  running  at  90%  of  rated  power,  it  is  necessary 
to  maintain  constancy  of  fuel  consumption  (2.2  kg/h),  water-dis¬ 
charge  temperature  (85®C),  temperature  drop  ”  ^vkhcd  "  5-10®C), 

oil  pressure  (3  atm),  and  oil  temperature  (90-95®C). 

The  engine-operation  regime  for  each  stage  is  shown  in  Table 
54. 
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TABLE  53 


Characteristics  of  4-35  and  1  M«10,5/13  Engines 


noKasaiCAH 

A-35 

14.10.5/13 

2  Tnn  a  iiiraiejm  i  i 

EcCKoMipccropiihift 
4-;iaKTibin  Aiiacab 
BHXpcBaa  K-iucpa 

1  f  ecKOMnrc'ropHhift 

3  Ctiprofi  rMPcconpajoniiiiiifl  •  6 

4.TaK.H  ti  JMjtM 
^  QHXpeoaa  K.Hiepa 

4  HoMlllia.llillHtl  MDUlllOCTb,  A.  C. 

40 

10 

5  Uiir.io  uiiaiiimpou 

4 

1 

6  Ahsmctp  iui.niiM;ipa,  mm 

IPS 

;o*i  . 

7  XoA  nopiiiiin,  MM 

130 

130  ■ 

8  'Ihcvio  ofjopoTOB,  o6Imuh 

1400 

1500 

9  r.TCnvlIh  Ca(<lTMH 

17 

,  IH 

1  0  VACAhiiNi'i  pacxoA  TonAMoa  npH  ho- 

220 

220  ' 

MHIiaAbMOil  MOWHOCTII,  ejB  A.  C.  H 

3  :  HaiiGoAhiuec  AanAciiiic  ropcMiiH,  KifcM? 

65-fiO 

50-  60  ' 

1  aCpcAiice  34i(;)CKTHniioe  AabAPitiie,  K^|CM7 

5,35 

5, .“IS 

1  3  CpCAMHtl  CKOpoCTI.  nopuilin,  M/ceK 

fi,5 

6.5 

1  4  AaaAc'iHc  BnpucKa  TonAiioa,  KejcM* 

103-140 

100-140 

1)  Index;  2)  type  of  engine;  3)  fuel- raporlzatlon  method:  4)  rated 
power,  hp;  5)  number  of  cylinders;  6)  cylinder  bore,  mm;  7)  piston 
stroke,  mm;  8)  engine  speed,  r/mln;  9)  compression  ratio;  10)  spe¬ 
cific  fuel  consumption  at  rated  power,  g  per  effective  hp  per  h;  11) 
maximum  combustion  pressure,  kg/cm^ ;  12)  average  effective  pressure, 
kg/cm*;  13)  average  piston  speed,  m/s;  14)  fuel-lnJectlon  pressure, 
kg/cm^ ;  15)  nonc'‘'mpressor ,  four-stroke  diesel;  l6)  eddy  chamber. 


'T'ABLE  5A 


Characterir^tlcs  of  Stages 


PewiiM  1 

2  4iiCao  o6op'’TOB 

B  MHiiyry 

3 

ripOAOAlKHTeai  HOCTb 

XoAotroH  XOA 

1 

500 

15  MUH  7 

To  )  ;c 

l.W!) 

g  15  M'lH  7 

y0%  HO..  llliaAbllorrMOlUIIOCTII 

k.  n 

•Ik  1.5  jit  ifi  7 

I.TO',., 

l.'.OO 

15  M'lH  7 

Xo.iccroR  XOA  ^ 

1.50) 

g  1.5  MUH  7 

'JU%  MOKIUla.IblloA  MOlUKOCTH 

1.500 

4k  15  M  lH  7 

15/0 

15  MUH  7 

XOAOCTOH  XOA 

1500 

15  MUH  7 

*  H  T  0  r  0 

— 

10  K  8 

1) 

Regime ; 

b) 

Of  rated  power; 

2) 

Engine  speed; 

7) 

Min; 

3) 

Duration ; 

8) 

b; 

4) 

Idle; 

9) 

Total. 

5) 

The  same; 

The  evaluation  is  made  by  the  4BC  344-T  negative  method  for 
appraising  carbon  deposits  and  wear  [8], 

In  addition  to  engine-test  procedures  with  single-cylinder 
engines,  serial-produced  automobile  and  tractor  engines  are  widely 
used  for  stand  oil  tests. 
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Short-  ana  long-torni  tests  in  rA3«51,  aA3-204,  M3MA-402, 

.£J-40,  and  other  engines  are  the  most  widely  employed  in  research  in¬ 
volving  stand  screening  tests  of  new  oils  and  oil  additives  and  for 
modern  Soviet  engines. 

Some  of  these  test  procedures  are  briefly  described  below. 

Short-term  lOQ-hour  Oil  Tests  In  rA3-51  Automobile  Engine  Under 
Stand  Conditions 

These  tests  are  conducted  to  make  a  preliminary  appraisal  of 
the  engine  properties  of  experimental  oils  Intended  for  carbureted 
automobile  engines.  The  procedure  essentially  consists  in  comparing 
the  results  of  tests  with  an  experimental  specimen  and  the  results 
of  tests  with  a  standard  oil  in  the  same  engine;  the  indices  com¬ 
pared  are  piston-ring  mobility,  amount  of  deposits  on  pistons,  pis¬ 
ton  rings,  and  piston  grooves,  engine-component  wear,  change  in  oil 
physicochemical  properties,  and  amount  of  deposits  on  filters. 

The  standard  oil  is  the  oil  customarily  used  for  the  rA3-51 
engine  (as  recommended  by  the  manufacturer). 

Before  an  experimental  specimen  is  subjected  to  100-hour  tests 
in  the  rA3-51  engine,  the  physicochemical  properties  of  the  oil 
should  be  determined.  The  preliminary  tests  are  carried  out  in  lab¬ 
oratory  equipment  specialized  for  oil  testing  (e.g.,  the  HT  9-3 
apparatus)  and  should  show  any  tendency  toward  tarring  of  the  pis¬ 
ton  rings,  formation  cf  tar,  carbon  deposits,  sludge,  or  resinous 
deposits  on  the  components,  corrosive  properties,  additive  filter- 
ability,  etc. 

New  engines  or  engines  having  new  cylinder-piston  or  rod-crank¬ 
shaft  components  are  prepared  for  oil  testing  in  the  following  man¬ 
ner. 


TABLE  55 


Running-'’ n  Regime 


1 

PeiKHM 

1 

1 

2 

MhC40  oCopOTOB 
K04{H<<aTOro  •ii4< 

B  MHHyTy 

3 

npoa04)NHrC4k* 

lICCTh 

*•  XCMIOCToft  Jloa 

sno 

1 

15  MUH^ 

in ...  C.  'i 

1  800 

30  4tUM3 

Ibji.  c.  i 

12J0 

1,10 

I'j  «.  C.  5 

loot 

1  a  .  0 

35  a.  c.  5 

2000 

1,10 

r  4. 5 

2  00 

1  a  l  0 

4';  4.  C.  J 

7H00 

45  MUHi 

6  0  npiaTHf  a(K>cce-< 

2800 

5  4fUM3 

Jin 

25  4.  C.  5 

1600 

15  MUM^ 

i>  Xo.ixtoA  loa 

7  OcTIHOIKa 

1200 

1 

10  MUM<i 

1 

i  M  T  0  f  0 

— 

6  «  0 

1)  Regime;  2)  crankshaft  speed;  3)  duration;  ')  ^dle;  5)  hp;  6) 
chrottle  full  open;  7)  shutdown;  6)  total;  '))  min;  10)  h. 
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The  cylinder  head  is  i’eniov<?d  and,  with  the  pistons  at  BDC  (HMT), 
holes  are  cut  In  the  working  surfaces  of  the  cylinders  at  a  distance 
of  9  mm  Trom  the  top,  in  order  to  measure  the  wear  by  the  hole  method 
devised  by  the  Institute  of  Machine  Building,  Academy  of  Sciences 
of  the  USSR  [AN  SSSR]  (AH  CCCP).  The  holes  are  cut  and  measured  with 
an  ynOH  apparatus  (general-purpose  wear-determination  apparatus).  A 
total  of  l6  holes  are  cut  In  each  cylinder,  uniformly  distributed 
about  its  circumference. 

After  the  holes  have  been  cut,  the  engine  must  be  run  In  for 
48  h.  Table  55  shows  the  running-in  regime,  which  is  repeated  8  tlm.es. 

Oil  Is  added  to  the  upper  level-indicator  mark  at  6-hour'  in¬ 
tervals,  10  min  after  the  engine  has  been  shut  down. 

Oil  changes  are  made  after  the  engine  has  been  running  for  6, 

12,  and  30  h  and  at  the  end  of  the  running-in  period  (48  h).  The  oil 
and  water-discharge  temperatures  are  held  at  80-85°C.  The  standard 
oil  is  used  for  runnlng-ln. 

The  fuel  Is  type  A-JO  automobile  gasoline  and  the  same  batch 
of  fuel  is  used  for  each  series  of  tests. 

The  oil-filter  elements  for  an  entire  series  of  tests  in  a 
given  engine  are  preliminarily  tested  for  pass  capacity  and  pressure 
loss  in  a  special  stand.  The  pass  capacities  of  the  filters  should 
not  differ  by  more  than  20^.  It  is  determined  with  pressures  of 
1.5,  2.0,  2.5,  and  3  kg/cm*  in  front  of  the  filter  at  an  oil  temp¬ 
erature  of  75°C.  The  spark  and  carburetor  advance  are  adjusted  in 
accordance  with  the  Instructions  furnished  by  the  PAS  Plant. 

After  the  running-in  period,  the  engine  is  disassembled  and 
its  components  are  cleaned  of  deposits  and  measured  micrometrically . 
The  component  dimensions  should  be  within  the  tolerances  established 
for  a  new  engine:  the  cylinder  eccentricity  and  taper  should  be  no 
more  than  0.C2  mm  and  the  clearance  between  the  piston  skirt  and 
cylinder  should  be  0.024—0.036  mm  (with  the  piston  diameter  meas¬ 
ured  perpendicular  to  the  piston-boss  axis).  The  piston-ring  clos¬ 
ure  gap  is  measured  in  the  cylinder  where  the  ring  will  operate 
and  should  be  0.2-0. 4  mm.  The  requisite  gap  between  the  piston  ring 
and  groove  wall  is  0.050-0.082  mm  for  the  first  compression  ring 
and  0.035-0.067  mm  for  all  other  rings.  All  the  rings  should  move 
freely  in  the  grooves  under  the  action  of  their  own  weight.  The 
holes  should  also  be  measured  and  the  piston  rings  weighed. 

After  assembly  and  adjustment,  the  engine  is  ready  for  tests. 

The  engine  is  run  in  for  2  h  with  the  oil  to  be  tested  at  the 
beginning  of  each  100-h  test.  Table  56  gives  the  runnlng-ln  regime. 

The  water-discharge  and  oil  temperatures  are  held  at  80-85°C. 

An  oil  change  is  made  after  the  engine  has  been  operating  for  20 
m*ln  and  at  the  end  of  the  running-in  period.  The  oil-filter  ele¬ 
ment  is  changed  after  runnlng-ln,  fresh  test  oil  is  poured  in,  and 
a  new  oil  filter  is  installed,  having  previously  been  soaked  in  the 
tost  oil  and  left  to  stand  for  24  h  in  order  for  the  excess  oil  to 
run  off.  The  filter  Is  weighed  before  installation  in  the  engine  and 
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TABLE  56 

Running-in  Regime 


1 

POKHM 

2 

Miicao  o'opoTon 
Kuacii’iflioro  Btaa 

8  MiiiiyTy 

3 

npoflOawHTcflb- 
Hoerb,  MUH 

4  Xo/IOCTOri  XOA  I 

r  Ocra  lOi'.Ka  cmciiW; 

t  1200 

15 

unc.'ia  ' 

i  12  0 

20 

I'j  a.  c.  g  1 

;<  (iO 

30 

35  a.  c.  6  1 

2000 

30 

45  a.  c.  6 

2-- 00 

30 

7  XoancToii  XO.H 

8  OcraiiooKa 

1200 

15 

9  II  T  0  r  0 

1 

— 

1) 

Regime; 

5) 

Shutdown  for 

2) 

Crankshaft  speed. 

oil  change; 

rpm; 

6) 

hp; 

3) 

Duration,  min; 

7) 

Idle; 

4) 

Idle; 

8) 

Shutdown; 

9) 

Total. 

again  when  changed,  Tne  filter  should  also  be  left  to  stand  for 
24  h  before  weighing,  so  that  the  excess  oil  can  run  off.  The  low- 
quality  filter  and  the  high-quality  filter  housing  are  cleaned  by 
rinsing  after  the  running-in  period. 

A  total  of  5.4  kg  of  the  test  oil  is  poured  into  the  engine 
crankcase.  The  test  time  is  102  h.  The  oil  and  high-quality  filter 
are  changed  after  51  h;  the  low-quality  filter  and  the  high-quality 
filter  housing  are  again  rinsed  at  this  time.  The  test  consists  of 
34  stages,  the  regimes  for  which  are  given  in  Table  57. 

The  oil  temperature  is  held  at  83-93°C.  The  fuel  consumption 
with  the  throttle  full  open  and  a  crankshaft  speed  of  2000  r/min 
should  be  13.4-13.6  kg/h,  while  the  spark-advance  angle  should  be 
18-20°  C  checked  at  the  beginning  of  the  test,  on  switching  to  the 
0.75  P  regime,  at  2800  r/mln  and  with  the  throttle  full  open  at  1600 
r/mln)?  The  engine  shutdown  lasts  10  min.  Oil  Is  added  to  the  upper 
level-indicator  mark  after  9  h,  at  the  end  of  the  shut-down  period. 
The  amount  of  oil  added  to  the  engine  and  the  amount  removed  are 
recorded . 

The  knob  of  the  low-quality  filter  Is  given  two  turns  after 
each  engine  shutdown  at  the  end  of  a  3~hour  cycle.  The  following 
oil  samples  are  taken  during  the  test;  for  general  analysis  after 
20  min  of  engine  operation C  400  g),  for  determination  of  iron  con¬ 
tent  after  1  h  10  min  at  2100  r/min  (100  g).  for  general  analysis 
after  27  h  of  engine  operation C  400  g),  and  for  general  analysis 
and  determination  of  iron  content  after  51  h  (at  the  end  of  the 
cycle ) . 
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TABLE  57 


Test  Regime 


1 

POKHM 

I'OaH''CCTBO  ' 
cCcpo  OB  B 
Mil  v.y 

1  3 

BfeMB, 
MUH 

4  riyiK  II  iiporpcu  £HiiraTc;ifl 

(0  1 

1.0 

5  Xo.incioii  xo;; 

(00  .. 

10 
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30 
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2hno 

10 

S  Xinii.  rini  XOA 

(00 

10 
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30 
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I6t0 

15 
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.  ;in  no  r-pu  .ixoAniui’ii  uoau  40“  C. 

II  Maoia  50“  C 

COO 

10 

^  H  T  0  r  0 

1 

f 

3  1 

*P  ,  n.  is  the  effective  pressure 
corrlspondlng  to  the  rated  power  in¬ 
dicated  by  the  engine  manufacturer. 

The  water-intake  temperature  is  held 
at  78-88°C. 

1)  Regime;  2)  engine  soeed;  3)  time,  min;  4)  engine  start  and  warm¬ 
up;  5)  idle;  6)  P  ,  n.;  7)  throttle  full  open;  8)  idle,  engine 
cooled,  water-discharge  temperature  -  40®C,  oil  temperature  —  50°C; 
9)  total;  10)h. 


The  engine  operating  regime  is  monitored  by  measuring  the  en¬ 
gine  speed,  load,  fuel  consumption,  coolant-water  Intake  and  dis¬ 
charge  temperatures,  crankcase-oil  temperature,  exhaust-gas  temp¬ 
erature,  Intake  vacuum,  alr-lntake  temperature,  amount  of  gases 
entering  the  crankcase,  and  oil-line  pressure.  The  amount  of  gases 
blown  by  into  the  crankcase  is  measured  at  the  beginning  and  end 
of  the  51-h  engine  operating  cycle,  with  the  throttle  full  open 
and  engine  speed  of  2800  and  1600  r/min. 

The  test  results  are  evaluated  by  the  ilBC  3^^-T  negative 
method  for  appraisal  of  carbon  deposits  and  wear  [8]. 

Short-term  120-hour  Oil  Tests  in  flA3-204  Engine  Under  Stand  Conditions 

These  tests  are  conducted  to  make  a  preliminary  evaluation  of 
the  engine  properties  of  experimental  oils  for  automobile  diesels. 

The  procedure  essentially  consists  in  comparing  the  results  of 
tests  conducted  with  the  experimental  oil  and  those  of  tests  con¬ 
ducted  with  a  standard  oil  in  the  same  engine;  the  indices  used  in¬ 
clude  piston-ring  mobility,  amount  of  deposits  on  pistons,  piston 
rings,  and  piston  grooves,  engine-component  wear,  change  in  oil 
physicochemical  properties,  and  amount  of  deposits  on  filters. 
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The  standard  oil  is  the  oil  customarily  employed  for  the  J1A3- 
204  engine  C  that  recommended  by  the  manufactur''r ) . 

Tests  are  conducted  with  the  standard  oil  at  the  beginning 
and  end  of  each  series  of  experiments,  in  order  to  determine  the 
change  in  engine  condition. 

The  physicochemical  properties  of  the  experimental  oil  should 
be  determined  before  the  tests.  It  is  desirable  that  the  test  be 
conducted  in  laboratory  equipment  specialized  for  oil  testing C  e.g., 
the  MT  9-2  or  ir  9-3  apparatus),  in  order  to  show  up  any  tendency 
toward  ring  scuffing,  formation  of  tars,  cai’bon  deposits,  or  resin 
deposits  on  the  components,  corrosive  properties,  additive  filter- 
ability,  etc. 


TABLE  58 


Running-in  Re g ime 


1 

PciKHM 

2^ImCJ10  or>opOTOB 

B  Miiiiyry 

npOAOJDKMTC.Ib- 
3  HOCTI>,  MUH 

**  XojincTori  XOA  1 

1  1000 

IP) 

"20  A  c.  ^  ] 

1  1000 

12 

TiO  A.  c.  5 

150 ) 

30 

00  A  .  c.  S  1 

1  IMlO 

30 

6  n(j;iii<'iii  iluAa'ia  Tonjiiiua  . 

2000 

30 

4  Xo/IOCTOH  XOA 

7  OcTaHOOKa 

1000 

3 

8H  T  0  r  0 

— 

2h  9 

1)  Regime;  5)  hp; 

2)  Engine  speed,  6)  Throttle  full 

r/mln;  open; 

3)  Duration,  min;  7)  Shutdown; 

4)  Idle;  8)  Total; 

9)  h. 


A  new  engine  or  an  engine  with  new  cylinder-piston  and  rod- 
crankshaft  assemblies  is  used  for  testing  each  series  of  oils.  In 
order  to  prepare  the  engine,  it  is  disassembled  and  its  components 
are  cleaned  of  carbon  and  other  deposits,  rinsed  in  kerosene,  and 
measured  micrometrically .  The  component  dimensions  and  assembly 
clearances  s;  '^cld  meet  the  tolerances  specified  for  the  new  engine. 
All  the  piston  rings  are  replaced  with  new  ones.  The  first  compres¬ 
sion  ring  should  not  be  chromium-plated.  The  rings  should  move 
freely  in  the  piston  grooves  under  the  action  of  their  own  weight. 

In  order  to  measure  the  wear  by  the  hole  method  developed 
by  the  Institute  of  Machine  Building,  Academy  of  Sciences  of  the 
USSR,  holes  are  cut  in  the  working  surfaces  of  the  cylinder  sleeve. 
A  total  of  l6  holes  are  cut  in  a  band  21,0  mm  from  the  top  of  the 
sleeve  at  intervals  of  22.5®  abouc  its  circumference,  while  bands 
of  8  holes  at  intervals  of  45®  are  cut  in  belts  27.5  and  40  mm 
from  the  top.  The  first  hole  in  each  belt  is  cut  into  the  side  of 
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the  sleeve  facing  the  heating  element.  The  holes  are  numbered  count¬ 
erclockwise.  A  micrometer  is  used  to  measure  the  thickness  of  the 
sleeve  wall  around  the  belts  and  at  the  points  where  the  holes  are 
cut  C  moving  5-6  mm  clockwise  from  each  hole).  The  points  at  which 
the  wall  thickness  Is  measured  are  ca-r  efully  recorded  C  especially 
with  respect  to  sleeve  height). 

The  pumps  and  vaporizers  are  checked  In  a  special  apparatus 
before  running-ln  and  before  each  test.  Their  delivery  rate,  the 
tightness  of  the  plunger  assemblies,  the  pressure  required  to  open 
the  control  valve,  the  fuel  leakage,  and  the  type  of  flow  are  de¬ 
termined.  The  hydraulic  characteristics  of  the  sprayer  are  estab¬ 
lished  before  runnlng-ln.  The  characteristics  of  the  pumps  and  noz¬ 
zles  should  satisfy  technical  specifications. 

The  elements  of  the  high-quality  oil  filter  are  selected  so 
as  to  have  similar  pass  capacities  for  each  series  of  tests  In  a 
given  engine.  The  pass  capacity  is  determined  In  a  special  appara¬ 
tus  with  oil  pressures  of  1.5,  2.0,  2.5,  and  3.0  kg/cm*  in  front 
of  the  filter  and  an  oil  temperature  of  75*^0.  The  pass  capacities 
of  the  filter  elements  should  not  differ  by  more  than  20%. 

After  the  engine  has  been  assembled  and  adjusted,  it  is  run 
in  with  standard  oil  and  standard  diesel  fuel  for  100  h.  Table  58 
shows  the  regimes  under  which  the  engine  should  operate  during 
this  period. 

The  regime  is  repeated  In  50  cycles.  The  fuel  consumption 
at  full  throttle  and  2000  r/min  is  adjusted  to  24.8-25.2  kg/h.  The 
discharge  temperature  of  the  coolant  water  Is  held  at  80-85®C, 
while  the  crankcase-oil  temperature  Is  kept  at  70-75°C  (forced 
cooling  of  the  crankcase  Is  permissible).  The  difference  between 
the  water  Intake  and  discharge  temperatures  should  not  exceed  10°C. 
The  oil  Is  changed  after  2,  6,  12,  24,  36,  50,  and  100  h  of  engine 
operation.  The  low-quality  oil  filter  is  rinsed  and  the  oil  Is 
poured  off  from  the  high-quality  filter  housing  during  each  oil 
change.  The  oil-filter  element  is  replaced  after  operation  foi’  50  h. 

At  the  end  of  the  runnlng-in  period,  the  engine  Is  disassembled 
and  Its  components  are  cleaned  of  deposit.  The  holes  are  measured, 
the  pls::on  rings  are  weighed,  and  the  components  are  measured  mi- 
crometrically ,  their  wear  being  the  Index  evaluated. 

The  two  upper  compression  rings  of  each  piston  are  replaced 
with  new  non-chromium-plated  rings  before  each  test.  One  oil  ring 
on  each  of  two  pistons  is  also  replaced,  using  rings  removed  from 
the  engine  before  running-ln.  After  assembly  and  adjustment,  the 
engine  Is  ready  for  tests. 

A  20-h  runnlng-ln  in  2-h  stages,  under  the  regimes  described 
above,  is  carried  out  before  each  120-I1  test.  Oil  changes  are  made 
after  2,  6,  and  12  h  of  runnlng-ln.  Oil  is  added  as  needed.  The 
high-quality  oll-fllter  element  Is  left  unchanged  throughout  the 
entire  20-h  period.  The  low-quality  filter  element  Is  rinsed  during 
each  oil  change.  The  hot  engine  Is  adjusted  at  the  end  of  the  run- 
nlng-ln  period  and  Its  fuel  consumption  at  2000  rpm  is  checked.  The 


fuel  consumption  at  full  throttle  and  2000  r/mln  should  be  24,8- 
25.2  kp./h.  The  evenness  of  cylinder  operation  at  2000  and  1500  r/mln 
is  then  checked  and  ppvernor  points  are  established  at  1000,  1200, 
1500,  1800,  and  2000  r/mini  the  nonuniformity  of  cylinder  operation 
should  not  exceed  3^  of  the  highest  value  obtained. 

When  the  engine  has  been  adjusted,  the  oil  with  which  running- 
in  was  carried  out  Is  poured  off,  the  high-  and  low-quality  filters 
are  rinsed,  and  a  high-quality  filter  element  that  has  been  weighed 
and  checked  for  pass  capacity  Is  installed.  The  engine  crankcase  is 
fllle'^  'ith  15  kg  of  fresh  oil.  The  engine  Is  started  and  operates 
unde.  regimes  shown  In  Table  59. 

Each  stage  constitutes  10  h  of  operation.  The  test  consists  of 
12  stages.  The  engine  Is  stopped  after  each  stage  and  oil  is  added 
(the  amount  of  oil  added  during  each  test  Is  kept  constant  as  far 
as  possible ) . 

The  pass  capacity  of  the  high-quality  oil  filter  is  determined 
during  each  lO-h  stage,  with  the  engine  operating  at  full  throttle 
and  1500  rpm.  The  oil  is  changed  after  operation  for  60  h  and  both 
filter  elements  are  replaced.  The  filter  elements  removed  are 
weighed  after  they  have  been  permitted  to  stand  for  24  h  for  oi? 
drainage.  A  second  60~h  test  cycle  is  carried  out  after  the  oil 
change. 

The  engine  operating  regime  is  monitored  by  measuring  the 
torque,  engine  speed,  coolant-water  intake  and  discharge  tempera¬ 
tures,  crankshaft-oil  temperature,  receiver  temperature,  oil-line 
pressui'e,  fuel  pressure,  receivei  air  pressure,  exhaust-gas  pres¬ 
sure,  and  Intake  vacuum. 

The  oil  consumption  during  the  test  period  is  recorded  (  taking 
into  account  the  oil  initially  introduced  intc  the  engine,  that 
added,  the  samples  taken,  and  the  losses  from  the  engine). 

The  fuel  consumption  is  measured  for  all  the  loaded  regimes 
during  all  the  10-h  stages.  It  should  be  24.8-25-2  kg/h  at  full 
throttle  and  200  rpm  throughout  the  entire  test. 

Crankcase-oil  samples  ^350  g)  are  taken  from  the  oil  line 
wU.b  the  engine  idling  after  operation  for  20  min  and  10,  2C,  30, 

40,  50,  and  60  h  in  each  60-h  cycle.  Samples  are  also  taken  of  the 
oil  drained  from  the  crankcase  and  filter  housings. 

The  test  results  are  evaluated  by  the  iJBC  344-T  negative  method 
for  appraisal  of  deposits  and  wear  [8]. 

Short-term  100-hour  Oil  Tests  In  fl-35  Tractor  Engine  Under  Stand 
Condi tions 


Thest  tests  are  conducted  in  order  to  make  a  preliminary 
evaluation  of  the  engine  properties  of  experimental  oils  for  trac¬ 
tor  diesels. 

T!;e  p’ .''<'pdure  essentially  consists  in  comparing  the  resultr 
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TABLE  59 
Test  Regime 
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Note.  The  water-discharge  tempera¬ 
ture  at  speeds  below  1500  rpm  is  held  at 
55-60®C,  the  crankcase-oil  temperature 
is  held  at  100-105®C,  and  the  water-dis¬ 
charge  temperature  at  speeds  above  1700 
r/inin  is  kept  at  85-90® C. 

1)  Regime;  2)  engine  speed,  rpm;  3)  duration;  4)  idle  (warmup ) ;  5) 
throttle;  6)  full  throttle;  7)  the  same;  8)  cooling;  9)  shutdown 
and  cooling  of  engine  to  oil  temperature  of  50®C;  10)  total;  11) 
min;  12)  h. 


of  tests  made  with  an  experimental  oil  and  those  of  tests  made  with 
a  standard  oil  in  the  same  engine;  the  indices  employed  include  pis¬ 
ton-ring  mobility,  amount  of  deposits  on  pistons,  piston  rings,  and 
piston  grooves,  engine-component  wear,  change  in  oil  physicochemi¬ 
cal  properties,  and  amount  of  deposits  on  filters. 

The  standard  oil  is  the  oil  customarily  used  for  the  H-35  en¬ 
gine  (that  recommended  by  the  manufacturer). 

The  physicochemical  properties  of  the  experimental  oil  sliould 
be  determined  before  the  tests.  It  is  desirable  that  tests  be  con¬ 
ducted  in  laboratory  equipment  specialized  for  oil  testing  (  e.g., 
the  HT  9-2  or  MT  9-3  apparatus)  before  the  tests  in  the  R-35  engine, 
in  order  to  show  up  any  tendency  toward  piston-ring  scuffing,  forma¬ 
tion  of  tars  or  carbon  and  resin  deposits  on  the  components,  cor¬ 
rosive  properties,  additive  fllterablilty ,  etc. 

In  order  to  prepare  a  new  engine  (or  an  engine  having  a,  nev; 
cylinder-piston  or  rod-crankshaft  assembly),  it  is  disassembled  and 
the  components  are  cleaned  of  carbon  and  other  deposits  and  rinsed 
in  kerosene. 

AciOQ 
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TABLE  60 


Runnlng-ln  Regime 
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1) 

No.  i 

6)  The  same; 

2) 

Regime; 

7)  Rated  power 

3) 

Engine  speed,  rpm; 

8)  Pull  load; 

4) 

Duration; 

9)  Governed; 

5) 

Idle; 

10)  min; 

11)  h. 

After  cleaning  and  rinsing,  the  pistons,  piston  rings,  and 
cylinder  sleeves  are  measured  mlcrometrlcally .  The  component  di¬ 
mensions  should  be  within  the  tolerances  set  for  a  new  engine. 

The  eccentricity  and  taper  of  the  cylinder  sleeves  should  be  no 
more  than  0.05  mm  and  the  clearance  between  the  piston  skirt  and 
cylinder  sleeve  should  be  0.175-0.260  mm  (along  the  major  axis  of 
the  ellipse). 

The  chromium-plated  first  compression  rings  are  replaced  with 
unplated  rings.  Special  attention  Is  paid  to  ring  selection.  The 
ring  gap,  measured  In  a  standard  cylinder  with  a  diameter  of  100 
mm,  should  be  0.4-0. 7  mm.  The  rings  on  Ifferent  pistons  should 
have  the  same  gaps.  The  permissible  ring  clearance  In  the  piston 
grooves  Is  0.0o-0,13  mm  for  the  first  and  second  compression  rings 
and  0.05-0.10  mm  for  all  the  other  rings.  All  the  rings  should 
move  freely  In  the  grooves  under  the  action  of  their  own  weight. 

The  high-quality  oll-fllter  elements  for  an  entire  series  of 
tests  In  a  given  engine  are  preliminarily  checked  for  pass  capacity 
and  pressure  loss  In  a  sped  si  apparatus.  The  pass  capacities  of 
the  elements  should  not  differ  by  more  than  20%,  This  factor  Is 
determined  with  pressures  of  1.5,  2.0,  and  2.5  kg/cm*  In  front  of 
the  filter  and  an  oil  temperature  of  75®C. 

The  fuel  pump  and  nozzles  should  be  adjusted  for  uniform  de¬ 
livery  and  advance  angle,  checking  the  spray  pressure  and  quality. 

After  the  engine  has  been  assembled  and  adjusted,  it  must 
be  run  in.  The  length  of  the  runnlng-ln  period  has  been  set  at 
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62  h  30  min.  Table  60  shows  the  runnlng-ln  regime.  The  runnlng-ln 
cycle  covering  stages  ]-6  is  carried  out  or.ce,  while  that  covering 
stages  7-14  is  repeated  8  times.  Oil  is  added  first  after  operation 
for  10  h  and  every  15  h  thereafter.  The  crankcase-oil  temperature 
under  the  loaded  regimes  is  held  at  75-80°C,  while  the  coolant-water 
discharge  temperature  is  kept  at  80-85®C.  Forced  water  cooling  of 
the  crankcase  Is  permissible.  A  standard  oil  is  employed  for  runnlng- 
ln.  The  fuel  is  a  standard  fuel. 

TABLE  61 
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1) 

Regime ; 

5) 

Rated  power; 

2) 

Engine  speed,  rpm; 

6) 

Governed; 

3) 

Duration; 

7) 

Total; 

Idle; 

8) 

Min; 

9) 

h. 

At  the  end  of  the  running-in  period,  the  engine  is  disassembled 
and  its  ccmponents  are  cleaned  of  deposits.  The  piston  rings  are 
weighed  and  the  components  are  measured  mlcrometrlcally,  their 
wear  being  the  characteristic  to  be  evaluated.  The  magnetic  crank¬ 
case  plug  must  be  replaced  by  a  nonmagnetic  one.  The  engine  is 
then  assembled  and  mounted  on  a  stand  ready  for  tests. 

A  second  10-h  running-in  under  the  same  regimes  is  carried  out 
before  each  test;  the  engine  crankcase  is  filled  with  11.5  kg  of 
the  test  oil  and  a  new  filter  element  is  installed  in  the  high- 
quality  oil  filter. 

At  the  end  cf  the  running-in  period,  the  crankcase  oil  must 
be  drained  and  weighed,  the  element  of  the  low-quality  oil  filter 
is  rinsed  and  weighed,  the  housing  of  the  high-quality  fi?.ter  is 
rinsed,  and  a  previously  checked  and  weighed  high-quality  element 
is  installed.  The  adjustment  of  the  fuel  system  is  checked.  A  to¬ 
tal  of  11.5  kg  of  fresh  test  oil  is  then  poured  into  the  crankcase 
and  the  engine  is  ready  for  tests.  Each  test  lasts  100  h  end  is 
divided  into  10  Individual  stages  (see  Table  61),  The  following 
conditions  must  be  maintained  with  the  engine  operating  at  951 
of  its  rated  power:  fuel  consumption  —  7. 1-7. 3  kg/h,  water-dis¬ 
charge  temperature  -  93-97®C,  water-*" emperature  drop  ~ 

^vkhod^  -  5-10°C,  oil  pressure  «  1. 5-2.0  kg/cm*,  and  oil  tempera¬ 
ture  -  90-95®C. 

The  engine  operating  regime  Is  monitored  by  measuring  the  en- 
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gine  speed,  load,  fuel  consumption,  coolant-water  Intake  and  dis¬ 
charge  temperatures,  crankcase-oll  temperature,  exhaust-gas  temp¬ 
erature  (for  each  cylinder),  amount  of  gases  blown  by  into  the 
crankcase,  and  oil-line  pressure.  The  readings  of  all  the  instru¬ 
ments  are  recorded  in  the  test  book  every  30  min  and  at  the  end 
of  each  stage;  the  amount  of  gases  blown  by  into  the  crankcase  and 
the  fuel  consumption  are  recorded  every  2  h. 

The  engine  is  shut  down  after  each  20  h  of  operation.  The 
v/ater- intake  temperature  must  be  reduced  to  75-80° C  during  the  idle 
period  before  each  shutdown. 

The  duration  of  the  shutdowns  between  stages  is  held  to  about 
45  min.  After  each  stage,  the  oil  must  be  drained  from  the  crank¬ 
case  and  filter  housings.  After  drainage  for  30  min,  the  collected 
oil  is  weighed  and  fresh  oil  is  added  to  bring  the  total  amount  in 
the  crankcase  to  11.5  kg.  If  less  than  1.2  kg  of  oil  has  been  burned 
over  any  10-h  period,  1.2  kg  of  oil  is  taken  ^rom  that  drained  and 
an  equal  amount  of  fresh  oil  is  added. 

After  each  10  h  of  engine  operation,  oj.1  samples  weighing  150  g 
are  taken  from  the  oil  line  with  the  engine  running  (before  shut¬ 
down),  while  350-g  samples  are  taken  30  min  after  startup  and  at 
the  end  of  each  stage.  The  oil  is  taken  through  a  cock  installed 
near  the  low-quality  filter. 

The  test  results  are  evaluated  by  the  ilBC  344-T  negative  meth- 
od  for  appraising  deposits  and  wear  [8]. 

Long-term  480-hour  011  Tests  In  ^A3  204  Automobile  Engine  Under 
Stand  Conditions 

This  procedure  is  Intended  to  establish  the  suitability  of 
the  experimental  oil  for  use  in  automobile  engines.  It  Involves 
comparison  of  the  results  of  tests  with  the  experimental  oil  and 
those  of  tests  with  a  standard  oil  in  an  JiA3-204  engine;  the  in¬ 
dices  evaluated  Include  change  in  engine  power  and  economy,  engine- 
component  wear,  engine-component  corrosion,  piston-ring  mobility 
character  and  amount  ^f  deposits  on  engine  components,  oil  consump¬ 
tion,  and  change  in  oil  physlcoohemical  properties.  The  standard 
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oil  is  the  oil  customar'liy  used  In  the  flA3-20^  engine  (that  recom¬ 
mended  by  the  manufacturer). 

The  tests  Include  preliminary  running-in,  a  second  runnlng-ln 
after  disassembly  and  reassembly,  determination  of  control  charac¬ 
teristics,  and  engine  operation  under  a  long-term  regime  for  480  h. 

Before  the  long-term  tests,  the  experimental  oil  must  be  sub¬ 
jected  to  physicochemical  analysis  in  accordanc*.-  with  the  GOST's 
or  Arbitrary  Technical  Specifications;  it  1;;  also  recommended  that 
it  be  tested  in  laboratory  equipment  and  be  sui\jected  to  short-terin 
tests  in  a  full-sized  engine,  using  a  standar  l  o!l  for  comparison 
(the  physicochemical  analyses  and  laborfOtf.r'v  t.-G,  r'”  neglected  in 

short-term  120-h  oil  tests  in  the  flA3-204  furiae).  The  engine  h; 
run-in  with  standard  oil  for  50  h  before  t<';G  im  ;  I’mi.-  62  idves 
the  runnlng-ln  regime. 

Operation  for  2  h  constitutes  a  single  c.tage  and  the  runnlng- 
ln  consists  of  25  stages.  The  water-discharge  temperature  is  held 
at  80-85°C.  The  radiator  used  to  cool  the  engine  can  be  replaced 
by  a  mixing  tank.  The  crankcase-oil  temperature  Is  held  at  70-75°^’, 
but  forced  water  cooling  of  the  crankcase  is  not  permitted.  A  sin¬ 
gle  oil  change  is  made  after  15  min  of  engine  oneratlon  during  tin 
first  runnlng-ln;  changes  are  made  after  operation  for  2,  6,  and 
12  h  during  the  second  running-in.  Oil  is  added  15  min  after  the 
shutdown  period  at  the  end  of  each  10  h  of  engine  operation. 

TABLE  63 
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At  the  end  of  the  50-h  runnlng-ln  period,  the  englrn  !. 
disassembled  for  removal  of  deposits,  inspection,  and  ml  cre  :r> j  ; 
component  measurement.  The  cylinder  sle<v  :  ,  nl.  tc^ns,  {ir'  ;  !■ 
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(gap,  height j  and  width),  piston  grooves,  piston  pins,  upper  rod 
bushings,  rod  and  crank  necks,  and  rod  and  crank  bearing  bushings 
are  measured.  The  piston  rings  and  bearing  bushings  are  measured 
After  measurement  Jind  reassembly,  the  engine  Is  run  In  for  a  se¬ 
cond  50-h  period  with  the  tesb  oil,  under  the  same  regimes  previous¬ 
ly  employed.  The  engine  Is  not  disassembled  after  the  second  runnlng- 
In,  but  Its  characteristics  are  determined  and  the  long-term  test 
Is  begun. 

The  engine  characteristics  (evenness  of  cylinder  operation 
at  2000  r/mln  and  loaded  speed  characteristic  at  2000,  1500,  and 
1000  r/min)  are  determined  at  the  beginning  and  end  of  the  test, 
with  control  and  working  sprayer  pumps. 

The  pumps  are  tested  for  delivery  capacity  and  spray  quality 
before  installation  In  the  engine  and  at  end  of  each  test. 

The  high-quality  oil  filters  for  use  throughout  the  entire 
test  are  checked  for  pass  capacity  In  a  special  apparatus.  The 
pass  capacity  Is  determined  with  a  pressure  of  1.5,  2,  2.5,  and 
3.0  kg/cm*  In  front  of  the  filter  and  an  oil  temperature  of  75°C; 
the  deviations  In  pass  capacity  should  net  exceed  20JJ  of  the  aver¬ 
age  value . 

The  long-term  test  Is  conducted  in  10-h  stages,  using  the  re¬ 
gimes  she  .1  In  Table  63. 

The  water-discharge  temperature  Is  held  at  55-60® C  during 
stages  1-6  (see  Table  63)  and  at  85-95®C  during  stages  7-11.  The 
radiator  can  be  replaced  by  a  water-mixing  tank  to  cool  the  engine. 

The  oil  temperature  for  stages  1-6  Is  not  stipulated.  The 
crankcase-oll  temperature  for  stages  7-11  is  held  at  100-110®C; 
forced  water  cooling  of  the  crankcase  Is  permitted.  The  fuel  con¬ 
sumption  at  full  throttle  and  2000  rpm  should  be  24.8-25.2  kg/h. 

The  oil  and  filter  elements  are  changed  after  operation  for 
60  h;  oil  Is  added  after  each  10  h  of  operation. 

The  following  Information  is  recorded  after  every  30  min  of 
engine  operation  throughout  the  test:  engine  speed,  load,  water  In¬ 
take  and  discharge  temperatures,  crankcase-oll  temperature,  exhaust- 
gas  temperature,  oil  pressure  before  low-quality  filter  and  In  oil 
line,  crankcase-gas  pressure,  exhaust-gas  pressure,  receiver  pres¬ 
sure,  and  Intake  vacuum.  The  fuel  consumption  is  measured  for  each 
loading  regime. 

The  ajnount  of  deposits  on  the  high-  and  low-quality  oll-fllter 
elements  is  determined  from  the  difference  In  the  element  weight 
before  Installation  In  the  engine  and  after  removal  from  the  en¬ 
gine  with  each  oil  change.  Before  installation  In  the  engine,  the 
high-quality  filters  are  soaked  In  oil  and  weighed  after  being  per¬ 
mitted  to  drain  for  24  h;  the  same  procedure  Is  followed  with  the 
filters  removed  from  the  engine. 

Oil  samples  (0.5  liter)  are  taken  from  the  oil  line  In  front 
of  the  low-quality  filter  with  the  engine  Idling  during  the  first, 


third,  fifth,  and  seventh  60-h  cycles,  after  the  engine  has  been 
operating  for  20  min  and  for  10,  20,  j'O,  ^0,  50,  and  60  h.  All  the 
oil  samples  are  used  for  determination  of  viscosity  at  50  and  100®C, 
acid  number,  tar  content,  ash,  and  mechanical-impurity  content. 

The  amount  of  oil  initially  introduced  into  the  engine,  the 
samples  taken,  the  oil  added,  and  that  drained  are  all  recorded. 

Servicing  of  the  engine  during  the  tests  is  carried  out  in 
accordance  with  the  manufacturer’s  Instructions. 

At  the  end  of  the  test,  after  the  control  characteristics 
have  been  determined,  the  engine  is  disassembled  for  inspection. 

The  amount  cf  carbon  and  tar  deposits  is  determined  and  the  com¬ 
ponents  are  subjected  to  micrometric  measurement. 

The  amount  of  deposits  on  the  pistons  and  rings  is  determined 
after  rinsing  in  gasoline,  by  weighing  before  and  after  the  depo¬ 
sits  are  removed.  The  amount  of  carbon  deposited  in  the  combustion 
chambers  is  determined  by  weighing  the  deposits,  which  are  removed 
with  a  scraper.  The  deposits  are  analyzed  by  a  special  method. 

Piston-ring  mobility  is  evaluated  immediately  after  the  en¬ 
gine  is  disassembled  and  before  the  pistons  are  rJnsed  with  gaso¬ 
line,  from  the  force  necessary  to  remove  the  rings  in  the  piston 
grooves.  A  ring  is  considered  to  be  free  if  it  moves  under  the 
action  of  its  own  weight,  tight  if  it  moves  when  a  slight  force 
is  exerted  on  it,  very  tight  when  a  considerable  force  is  required 
to  move  it  with  difficulty,  and  frozen  if  it  cannot  be  moved  at 
all.  A  ring  can  be  frozen  over  its  entire  circumference  or  only 
partially.  The  arch,  in  degrees,  over  which  the  ring  is  frozen  is 
noted. 

Long-term  900-hour  Oil  Tests  in  ;i-35  Tractor  Engine  Under  Stand 
Conditions 

This  procedure  is  intended  to  establish  the  suitability  of 
an  experimental  oil  for  use  in  tractor  diesels.  It  involves  compari¬ 
son  of  the  results  of  tests  conducted  with  experimental  and  stand¬ 
ard  oils  in  a  H-35  engine;  the  criteria  employed  include  the  change 
in  engine  power  and  economy,  engine-component  wear,  engine-compon¬ 
ent  corrosion,  plston-rlng  mobility,  character  and  amount  of  carbon 
and  tar  deposits  on  engine  components,  oil  consumption,  and  change 
in  1  physicochemical  properties. 

The  standard  oil  Is  the  oil  customarily  used  in  the  H-35  en¬ 
gine  (that  recommended  by  the  manufacturer). 

The  tests  Include  preliminary  runnlng-ln,  a  second  running-in 
after  disassembly  and  reassembly,  determination  of  control  charac¬ 
teristics,  and  engine  operation  under  a  long-term  test  regime  for 
900  h. 


Before  long-term  tests  are  made,  the  experimental  oil  must 
be  subjected  to  physicochemical  ar.alysis  in  accordance  with  the 
GOST  or  Arbitrary  Tecnnlcal  Specifications;  it  is  also  recommended 
that  it  undergo  tests  in  laboratory  equipment  and  short-term  tests 
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TABLE  64 

Running-in  Regime 
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1)  No.; 

2)  Regime; 
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5)  Idle; 

6)  The  same; 


7)  Rated  power; 

8)  Pull  throttle; 
rpm;9)  Total; 

10)  Governed; 

11)  min; 

12)  h. 


in  a  full-size  engine,  with  a  standard  oil  for  comparison  (the 
physicochemical  analyses  and  laboratory  tests  are  omitted  in  short¬ 
term  100-h  tests  in  the  11-35  engine). 

The  engine  is  disassembled  before  the  tests  and  components 
that  do  not  meet  technical  specifications  are  replaced.  Running- 
in  is  then  carried  out  with  a  standard  oil;  the  runnlng-ln  regime 
is  shown  in  Table  64. 

The  running-in  cycle  covering  stages  1-6  is  carried  out  once, 
while  that  covering  stages  7-14  is  repeated  8  times.  The  water- 
discharge  temperature  and  crankcase-oil  temperature  are  held  at 
80  +  5°C  under  the  loaded  regimes.  The  engine-operation  Indices 
are*”recorded  in  the  test  book  at  the  end  of  each  stage. 

Oil  is  added  first  after  10  h  and  then  after  every  7.5  h  of 
engine  operation,  15  min  after  the  engine  has  been  shut  down, 
bringing  the  oil  level  up  to  the  top  indicator  mark.  The  oil  is 
changed  once  during  runnlng-ln,  after  the  engine  has  been  operat¬ 
ing  for  30  min. 

When  the  oil  consumption  is  high,  the  engine  must  continue 
to  be  run  in  under  the  regime  covering  stages  7-14.  After  running- 
in,  the  engine  is  disassembled  for  removal  of  deposits,  examina¬ 
tion,  and  measurement  of  its  components.  The  cylinder  sleeves, 
pistons,  piston  rings  (gap,  height,  and  width),  upper  rod  bushings, 
rod  and  crank  necks,  and  rod  and  crank  bearing  bushings  are  meas¬ 
ured.  The  piston  rings  and  bearing  bushings  are  weighed. 
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After  measurement  and  reassembly,  the  engine  is  again  rnn  In 
for  10  h  with  the  test  oil.  The  oil  is  changed  after  this  running- 
in  and  the  engine  characterintlcs  are  recorded. 


The  engine  characteristics  (evenness  of  cylinder  operation 
and  governor  characteristics)  are  recorded  at  the  beginning  and 
end  of  tests  with  control  and  working  injectors.  In  addition,  the 
condition  of  the  engine  is  monitored  by  determining  the  control 
point  maks  governor  characteristic  with  =  8.3  kg/h 

at  1400  r/mln  after  every  200  h  of  engine  operation  under  r.he  long¬ 
term  test  regime.  Adjustments  are  made  when  necessary. 
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15 

MU  HI  0 

6)  The  same; 

7)  Speed  overload; 

8)  Engine  shutdown; 

9)  Governed; 

10)  min; 

11)  h. 


In  preparing  the  engine  for  tests,  the  fuel  system  is  checked 
and  adjusted  on  special  stands,  the  spray  quality  and  pressure  are 
determined,  the  hermetlclty  of  the  injectors  and  plunger  couples 
is  checked,  the  Instant  at  which  the  high-pressure  pump  begins  to 
deliver  fuel  is  determined,  and  the  uniform.lty  of  fuel  delivery  to 
the  cylinders  is  adjusted. 

The  high-quality  oil  filters  for  the  cntli'e  test  siiould  be 
checked  for  pass  capacity  in  a  special  apparatus.  The  pa.-.c  caraclty 
is  determined  with  a  pressure  of  1.5,  2.0,  2.5,  and  3*0  kg/cnr  in 
front  of  the  filter  and  an  oil  temperature  of  75®C.  The  deviations 
in  filter  pass  capacity  should  not  exceed  20^  of  the  average  value. 

The  long-term  test  is  carried  out  in  10-h  stages,  using  the 
regimes  indicated  in  Table  65. 

The  long-term  test  consists  of  9  cycles,  each  with  10  stage.:. 

The  water-discharge  temperature  is  hf-ld  at  90  +  3®C  under  tiio 
loaded  regimes.  The  radiator  can  be  replaced  by  a  mixing  tank  !' f 
cooling  the  engine.  The  water-temperature  gradient  between  tie  !  ii- 


take  and  rdischarge  should  be  5-'10®C.  The  crankcase-oil  tt. .nperature 
is  held  at  80  +  5°C  under  loaded  regimes#  Forced  water  cooling  of 
the  crankcase  is  permissible. 

,  ;The  fuel  consumption. at  full- throttle  and  l^iOO  r/min  should  be 
8.3  +  O'. 05  kg/h.  Oil  is  added  after  the  engine  has  been  operating 
for  10  h.  The  rated  power  actually  obtained  in  the  stand  at'  full 
throttle  is  8. 3  +  0.05  kg/h  at  l400  r/mln. 

The  oil  and  filter  elements  are  changed  after  100  h.  The  fol¬ 
lowing  data  are  recorded  during  the  test:  engine  L5peed,  load,  fuel 
consumption,  water  intake  and  discharge  temperatures,  crankcase- 
oil  temperature,  exhaust-gas  temperature,  oil  pressure  before  low- 
quality  filter  and  in  oil  line,  and  crankcase-  and  exhaust-gas 
pressures.  These  data  are  noted  every  30  min  and  at  the  end  of 
each  stage.  The  gases  blown  by  into  the  crankcase  are  mearAired  onco 
during  each  stage,  with  the  engine  operating  at  0.9 

The.  amount  of  deposits  on  the?  low-  and  high-quality  oll-filto;/' 
elements  is  determined  from  the  difference  in  element  weight  befor..' 
installation  in  the  engine  and  after  removal  during  the  oil  chang 
Before  installation  in  the  engine,  the  high-quality  elements  ar^ 
soaked  in  oil  and  weighed  after  being  left  to  stand  for  24  h  for 
drainage;  the  same  procedure  is  repeated  when  they  are  removed 
from  the  engine. 

Oil  samples  of  0.5  liter  are  taken  from  the  oil  line  behind 
the  low-quality  filter  with  the  engine  idling  during  the  second, 
fifth,  seventh,  arid  ninth  cycles  before  fresh  oil  is  added,  after- 
the  engine  has  been  ope'ratlrig  for  20  min  and  for  20,  60,  and  100  h, 
as  well  as  at  the  end  of  the  other  cycles.  The  samples  are  used  for 
determination  of  viscosity  at  50  and  100®C,  acid  number,  tar  content, 
ash,  and  content  of  mechanical  impurities.  The  amount  of  oil  ini¬ 
tially  Introduced  into  the  engine,  the  oil  samples  taken,  the  oil 
added,  and  that  drained  are  all  recorded, 

-ri 

Technical  servicing  of  the  engine  during  the  test  is  carried 
out  in  accordance  with  the  manufacturer’s  instructions. 

At  the  end  of  the  test,  after  its  control  characteristics  have 
been  determined,  the  engine  is  disassembled  for  Inspection.  The  amount 
of  carbon  and  other  deposits  is  determined  and  the  components  are 
measured  mlcrometrlcally .  The  amount  of  deposits  on  the  pistons  and 
rings  is  determined  after  they  Have  been  rinsed ' in  gasoline ,  by 
we^ighlng  before  and  after  removal  of  the  deposits. 

Piston-ring  mobility  is  evaluated  immediately  after  the  enginr 
is  disassembled  and  before  the  pistons  have  been  rinsed  with  gasollrm, 
from  the  force  necessary  to  move  the  rings  in  the  piston  grooves.  A 
ring  is  considered  to  be  free  if  it  moves  under  the  action  of  its 
own  weight,  tight  if  it  can  be  moved  by  a  small  force,  and  frozen  if 
it  c'lnnot  be  moved  at  all.  A  ring  can  be  frozen  over  its  entire  cir¬ 
cumference  or  only  partially.  The  arc,  in  degrees,  over  which  the 
ring  is  frozen  is  recorded. 


Adoo 
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Long-term  2000-hour  Oil  Tests  in  K/iM-46  Tractor  Engine  Under  Stand 
Conditions 

A  new  K/JM-46  engine  Is  run  in  for  60  h  under  a  special  regime 
before  tests  are  made  with  it.  After  the  engine  has  been  run  in,  it 
is  adjusted  in  accordance  with  the  manufacturer’s  instructions  and 
is  ready  for  long-term  tests,  which  are  conducted  in  10-hour  stages 
under  the  regimes  shown  in  Table  66. 

TABLE  66 


Test  Regime 


1 

PCXCHM 

2  MmCJIO  OOi'poTOB  B 
MHHyty 

3 

npOAOJDKHTeabllOCIb 

90  .1,  f.  4 

1000 

)  X  7' 

80  A.  C.  4 

iOOO 

7  ‘L  7 

^  MaKCHMajibHufl 

1000 

1  >r  15  miihS 

0 

600 

15  miihS 

6  i1  T  0  r  0 

10  h7 

Note.  maks  assumed  to  conform  to  the 
GOST  for  the  Kj3M-46  engine. 


1)  Regime; 

2)  r/min; 

3)  Duration; 

4)  hp; 


5)  Maximum; 

6)  Total; 

7)  h; 

8)  min. 


Before  and  after  tests  with  the  engine,  its  main  components  are 
examined,  weighed,  and  measured  mlcrometrlcally  for  determination  of 
component  wear,  type  and  amount  of  deposits,  onset  of  component  and 
fuel-system  corrosion  (visually),  and  piston-ring  mobility. 

The  cylinder  sleeves,  piston  rings,  piston  grooves,  crank 
necks,  and  crank  and  rod  beaming  bushings,  are  measured.  The  pis¬ 
ton  rings  and  assembled  pistons  and  rings  are  weighed.  The  control 
characteristics  of  the  engine  (apparent  performance,  loaded  perform¬ 
ance  at  1000  rpm,  and  evenness  of  cylinder  functioning)  are  deter¬ 
mined  at  the  beginning  and  end  of  the  test. 

The  fuel-system  components  are  checked  before  and  ai’ter  the 
test;  the  hydraulic  seal  and  pressure  are  determined  with  a  max!- 
•■neter  and  the  fuel-delivery  rate  is  found. 

The  amount  of  deposits  on  the  piston  components  is  determined 
from  the  weight  difference  before  and  after  removal  of  the  deposits. 

The  amount  of  deposits  on  the  low-  and  high-quality  oil  filters 
is  determined  from  the  difference  in  filter  weight  before  installa¬ 
tion  in  the  engine  and  after  removal;  the  low-quality  filter;-  are 
weighed  after  operation  for  120  h,  while  the  high-quality  filters 
are  weighed  after  240  h.  The  composition  of  the  deposits  trapped 
by  the  high-quality  oil  filter  is  determined.  The  oil  is  r.h.anged 
after  120  h,  in  accordance  with  the  manufacturer's  Instruction;-.. 

This  interval  is  arbitrarily  taken  to  be  one  cycle. 


The  change  In  oil  physlcochemicai  properties  is  determined  by 
analysis  of  samples.  These  are  0.5  liter  in  volume  and  are  taken 
before  fresh  oil  is  added,  after  the  engine  has  been  operating  for 
20  min  and  for  30,  '60,  and  120  h  during  the  second,  fifth,  ninth, 
thirteenth,.,  and  fifteenth  cycles,  as  well  as  When  the  oil  is  drained 
at  the  end  of  each  cycle.-  The  amount  of  oil  initially  introduced  into 
the  engine ,  the  samples  taken,  the  oil  added,,  and  that  drained  are 
all  recorded. 

Engine  servicing  and  maintenance  during  the  stand  tests  are 
carried  out  in  accordance  with  the  manufacturer's  instructions. 

Long-term  600-hour  011  Tests  1n  rA3-51  Automobile  Engine  Under 
Stand  Conditions 

This  procedure  is  Intended  to  establish  the  suitability  of  an 
experimental  oil  for  use  in  carbureted  automobile  engines.  It  es¬ 
sentially  consists  in  comparing  the  results  of  tests  conducted  with 
the  experimental  oil  and  a  standard  oil  In  an  rA3-51  engine;  the 
criteria  employed  Include  the  change  in  engine  power  and  economy, 
engine-component  wear,  engine-component  corrosion,  piston-ring 
mobility,  amount  and  type  of  deposits  on  engine  components,  oil 
consumption,  and  change  in  oil  physicochemical  properties. 

The  standard  oil  is  the  oil  customarily  used  for  the  rA3-51 
engine  (that  recommended  by  the  manufacturer).  The  tests  include 
preliminary  runnlng-ln  for  48  h,  a  second  runnlng-ln  for  2  h  after 
disassembly  and  reassembly,  determination  of  control  characteris¬ 
tics,  and  engine  operation  under  a  long-term  test  regime  for  600  h. 

The  tests  are  conducted  with  a  new  valveless  crankcase-ven¬ 
tilation  system. 

Before  tfegtlng,  the' experimental’ oil  must  be 'subjected  to 
physicochemical  analysis  in  accordance  with  the  GOST's  or  Arbi¬ 
trary  Technical  Specifications;  it  is  also  recommended  that  It 
undergo  tests  in  laboratory  equipment  and  short-term  tests  in  a 
full-size  engine,  with  a  standard  oil  for  comparison.  The  engine 
is  run  in  with  a  standard  oil  for  48  h  before  testing.  The  running- 
in  regime  is  shown  in  Table  67. 

Six  hours  of  operation  constitutes  a  single  stage.  The  running- 
in  process  consists  of  8  stages.  The  crankcase-oil  and  v/ater-dis- 
charge  temperatures  are  held  at  80-85° C.  The  oil  is  changed  after 
the  engine  has  been  operating  for  6,  12,  and  30  H.  Oil  is  added 
every  6  h  (10  min  after  the  engine  has  been  shut  down). 

After  the  engine  has  been  run  in  for  48  h,  it  is  disassembled 
for  Inspection,  the  deposits  are  removed,  and  the  components  are 
subjected  to  micrometric  measurement:  the  cylinders,  pistons,  pis¬ 
ton  rings  (gap,  height,  and  width),  upper  rod  bushings,  crankshaft:, 
and  crank  and  rod  bearing  bushings  are  measured.  The  piston  rings 
and  bearing  bushings  are  also  weighed. 

After  the  micrometric  measurements  have  been  made  and  the  en¬ 
gine  reassembled,  a  second  2-h  running-in  is  carried  out  with  the 
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TABLE  67 

Runnlng-in  Regime  Before  Mlcrometrlc  Measurements 


— I - 

PeiKiiM 

2  MhCAO  oCopOTOH  B 
tiHiiyiy 

3 

ripOAOAiKHTCBbHOCTIi 

XoflOfToii  xoA  ** 

WIO 

1 5  MIIH  9 

10  A.  f.  5 

MOO 

1.5  MIIK  9 

IS  4.  C,  5 

1200 

1  i  0 

25  A.  1.  5 

IllOO 

1  •<  1  0 

35  A.  c.  5 

2000 

1  ■<  1  0 

40  A.  c.  5 

2400 

1  •<  1  0 

45  4.  c.  5  . 

2800 

45  miih  9 

riOAIIOC  OTKpUTHn  APOC-COAn  6 

2800 

5  miih  9 

25  4.  c.  s 

1000 

15  MIIH  9 

XliAOCTOlV  XoA  4  \ 

1200 

10  MIIH  9 

OCT«H0ilKa  7 

8  M  T  0  ro 

— 

f,  9  1  0 

1)  Regime; 

6)  Full  throttle; 

2)  Engine  speed,  r/mln; 

7)  Shutdown; 

3)  Duration; 

8)  Total; 

4)  Idle; 

9)  min; 

5)  hp; 

10)  h. 

TABLE  68 

Runnlng-ln  Regime  After  Mlcrometrlc  Measurements 

1 

PeiKHU 

2  MhCJIO  oOopOTOB  B 

1  npOAOAWHTCAbHCCIb, 

MHiiy  ry 

B  MIIH 

•*  XOAOCTOH  *01  ^ 

1200 

20 

sOcTaiioBKa  a.if)  CMCHU  micai 

**  XoAoc  roii  *01 

1200 

15 

25  4.  c  t 

1000 

50 

35  4.  f.6 

2C00 

,10 

45  4  CA 

2800 

SO 

**  Xo.KX  Kill  AO.I 

!  1200 

15 

7  OcTiiiiKiiKa 

1 

1 

<"  n  T  0  r  0 

t 

,  i  c 

^  H  JO  MUH 

1)  Regime; 

6)  hp; 

2)  Engine  speed,  r/iriln 

;  7)  shutdown; 

3)  Duration,  min; 

8)  Total; 

4)  Idle; 

9)  h; 

5)  Shutdown  for  oil 

10)  min. 

change; 


test  oil  under  the  regimes  shown  In  Table  68. 

The  crankcase-oll  and  water-discharge  temperaturer.  are  hold  at 
80-85°C  during  runnlng-ln.  Oil  changes  are  made  20  min  aft-M'  run- 
nlng-ln  starts  and  at  the  end  of  the  running-ln  period.  Tlu'  esiglne 
Is  not  disassembled  after  the  second  runnlng-ln;  Its  govei'nor 
characteristics  are  determined  the  oil  Is  changed,  and  the  loru'- 
term  test  Is  then  conducted. 
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The  high-quality  oil  filters  for  all  the  tests  are  checked  for 
pass  capacity  in  a  special  apparatus .  The  pass  capacity  is  determined 
with  a  pressure  of  1.5,  2.0,  2.5,  and  3.0  kg/cm*  In  front  of  the  fil¬ 
ter  and  an  oil  temperature  of  75®C.  The  deviations  In  filter  pass 
capacity  should  not  exceed  20%  of  the  average  value. 

The  long-term  tests  are  carried  out  in  3-h  stages ,  the  regimes 
for  which  are  given  in  Table  69. 

Three  hours  of  operation  constitutes  a  single  stage.  A  long¬ 
term  test  consists  of  200  stages. 

TABLE  69 


Test  Regime 


1  j 
M  n  n. 

2 

PewiiM 

KojiHMccino  oCdpOTOtt 

3  H  MiiiiyTy 

BpCMn  r/i6o^ 
.ifUH 

1 

sPIycK  11  nporpc*  ABHriTe;iii 

GOO 

15 

2 

SXoAOCTOft  XOA 

GOO 

in 

3 

05  P,.  11*.  7 

1400 

3.5 

4 

0.75  H.  7 

2100 

35 

5 

eflovilioc  OTKpfalTIte  ApoCCCJIbHOfl  38- 

CJlOltKII 

2800 

15 

6 

6Xo.1OCT0rt  XOA 

GOO 

in 

0,05  Pt.  M.  7 

2800 

35 

8 

fflOAIlOe  OTKpUTHe  ApOCCCJIbllofl  38* 

C^lUlfXH 

■  1500 

1.5 

9 

9X0AOCT0A  XOA  H  ux/i8)KAennc  ABiirxTe* 

All  AO  T'pu  BUXOAHmeft  BOAU  40°  C 

H  MBCAB  50°  C 

GOO 

10 

10  H  T  0  r  0 

1 

■  '31  »’» 

•“TfpT,  n.  is  the  average  effective  pressure  corres¬ 
ponding  to  the  rated  power  indicated  in  the  manufac¬ 
turer’s  instructions. 

1)  No.;  2)  regime;  3)  engine  speed,  r/mln;  4)  operating  time,  min; 

5)  engine  start  and  warmup;  6)  idle;  7)  Pg,  n;  B)  full  throttle; 

9)  idle  and  cooling  of  engine  to  vater-dlscharge  temperature  of  40°C 
and  oil  temperature  of  50®C;  10)  total;  11)  h. 


The  water-discharge  temperature  is  held  at  83  +  5°C.  The  dif¬ 
ference  between  the  water-intake  and  water-discharge  temperatures 
should  be  5-10®C.  The  crankcase-oil  temperature  is  held  at  88  +  5°C. 
Forced  water  cooling  of  the  crankcase  is  permitted.  The  fuel  con¬ 
sumption  at  full  throttle  and  2000  r/min  should  be  13.4-13.6  kg/h, 
while  the  .  spark-advance  angle  should  be  18-20°  (this  is  checked 
when  the  governor  characteristics  are  determined  before  the  long¬ 
term  test). 

The  oil  and  high-quality  filter  element  are  changed  after  the 
engine  has  run  for  51  h.  Oil  is  added  after  every  9  h  of  engine 
operation,  10  min  after  shutdown,  bringing  the  level  up  to  the  up¬ 
per  Indicator  mark. 
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The  following  data  are  recorded  during  the  test;  engine  speed, 
brake  load,  water— Intake  and  water-discharge  temperatures,  crank- 
case-oil  temperature,  exhaust-gas  temperature,  oil  pressure  before 
low-quality  filter  and  In  oil  line.  Intake  vacuum,  air-intake  temp¬ 
erature,  crankcase-gas  pressure,  exhaust-gas  pressure,  and  fuel 
consumption.  These  Indices  are  noted  at  the  end  of  each  stage.  The 
gases  blown  by  Into  the  crankcase  are  measured  every  other  stage. 

The  amount  of  deposits  on  the  high-quality  oil  filter  is  de¬ 
termined  from  the  difference  in  filter  weight  before  Installation 
In  the  engine  and  after  removal  during  the  oil  change. 

Oil  samples  (0.5  liter)  are  taken  from  the  oil  line  with  the 
engine  idling  after  20  min  and  51  h  of  each  51-h  cycle. 

The  samples  are  used  to  determine  viscosity  at  50  and  100°C, 
acid  number,  ash,  tar  content,  and  total  mechanical-impurity  con¬ 
tent,  separating  the  impurities  into  organic  and  inorganic  consti¬ 
tuents  . 

The  amount  of  oil  Initially  Introduced  Into  the  engine,  the 
samples  taken,  the  oil  added,  and  that  drained  from  the  engine  are 
all  recorded  by  weight. 

After  every  102  h  of  engine  operation,  the  carburetor  fuel 
nozzle  is  rinsed  and  the  cylinder  compression  Is  measured. 

Servicing  of  the  engine  and  adjustment  of  the  carburetor 
and  spark-advance  angle  are  carried  out  in  accordance  with  the 
manufacturer’s  Instructions.  Tests  are  conducted  with  type  A-70 
■'.utomobile  gasoline  from  a  single  batch. 

After  the  governor  characteristics  have  been  determined  at 
the  end  of  the  test,  the  engine  Is  disassembled  for  Inspection, 
the  amount  of  deposits  on  the  components  Is  determined,  and  the 
components  are  measured  micrometrlcally . 

The  amount  of  deposits  on  the  pistons  and  rings  is  deter¬ 
mined  after,  they  have  been  rinsed  with  gasoline  and  dried,  by 
weighing  them  before  and  after  removal  of  the  deposits.  Piston- 
ring  mobility  Is  evaluated  immediately  after  disassembly  of  the 
engine  and  before  the  pistons  have  been  rinsed  with  gasoline, 
from  the  force  necessary  to  move  the  rings  in  the  piston  grooves. 

A  ring  is  considered  to  be  free  if  It  moves  under  the  action  of 
its  own  weight,  tight  if  a  slight  force  is  required  to  move  it, 
very  tight  if  it  can  only  be  moved  with  difficulty  by  a  consid¬ 
erable  force,  and  frozen  if  it  cannot  be  moved  at  all.  A  ring 
can  be  frozen  over  its  entire  circumference  or  only  partially. 

The  arc,  in  degrees,  over  which  the  ring  Is  frozen  Is  noted. 

§2.  ENGINE  CHARACTERISTICS  OF  BASE  OILS  FROM  AZERBAYDZHAN  CRUDE 
OILS 

Crude  oils  produced  from  dli'ferent  regions  of  the  Apsheron 
Peninsula  and  the  Caspian  Sea  differ  greatly  in  the  types  and 
properties  of  the  hydrocarbons  composing  them.  The  large  number 
of  crude  oils  refined  to  produce  lubricating  oils,  the  many  re- 
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fining  methods  employed,  and  the  variety  of  additives  used  make  it 
possible  to  obtain  an  almost  unlimited  variety  of  motor  oils  with 
the  most  varied  physical  and  service  properties. 

The  great  diversity  of  motor-oil  production  methods  results 
from  a  combination  of  extensive  research  and  design  work  and  a  great 
deal  of  production  experience. 

The  physical  and  engine  properties  of  an  oil  depend  on  the  raw 
fnaterlal  from  which  it  is  produced,  the  method  and  extent  of  refin¬ 
ing,  and  the  additives  used. 

It  can  be  said  that  the  purpose  of  oil  additives  is  to  Improve 
the  properties  of  highly  refined,  high-quality  mineral  oils.  Addi¬ 
tives  cannot  compensate  for  poor  oil  quality  or  poor  refining. 

It  must  be  emphasized  that  Internal  combustion  engines  [ICE] 
(;1BC)  are  designed  for  very  different  purposes  and  operating  con¬ 
ditions,  so  that  lubrication  of  their  components  with  an  appropri¬ 
ate  oil  is  of  prime  importance  if  they  are  to  operate  at  full  ca¬ 
pacity. 

Although  the  lubrication  requirements  for  diesel  and  spark- 
ignition  engines  are  theoretically  identical,  more  stringent  re¬ 
quirements  are  usually  Imposed  on  lubricating  oils  for  diesels. 

The  Incomplete  combustion  in  these  engines  leads  to  formation  of 
soot  and  resins,  while  the  more  complex  hydrocarbon  structure  of 
diesel  fuel  makes  it  possible  for  far  large  amounts  of  soot  and 
resins  to  be  produced  than  in  spark-ignition  gasoline  engines.  This 
tendency  toward  soot  and  resin  formation  accounts  for  the  more 
stringent  requirements  Imposed  on  lubricating  oils  for  diesel  en¬ 
gines.  In  general,  diesels  have  a  greater  tendency  toward  ring 
scuffing  and  piston  contamination  as  a  result  of  the  accumula¬ 
tion  and  combustion  of  soot  and  resins  on  the  heated  surfaces. 

The  crankcase  oil  is  also  more  rapidly  and  severely  contaminated 
with  soot  and  resins,  which  leads  to  carbon  deposition  on  the  oil 
filters  and  internal  engine  surfaces  in  most  cases. 

A  preliminary  engine  appraisal  of  oils  produced  from  Azer- 
baydzhan  crude  oils,  which  differ  in  raw-material  quality,  extent 
of  refining,  and  additive  efficiency,  makes  it  possible  to  evaluate 
certain  functional  characteristics  of  such  motor  oils  before  long¬ 
term  testing  in  real  engines.  Diesel  and  automobile  oils  obtained 
from  a  promising  mixture  of  Apsheron  crude  oils  subjected  to  dif¬ 
ferent  degrees  of  refining  were  preliminarily  engine-tested  by  the 
methods  described  above. 

Engine  Characteristics  of  Winter  Diesel  Oils 

Investigations  of  the  engine  characteristics  of  H-8  winter 
diesel  oils  produced  from  th''  crude-oil  mixture  mentioned  above 
were  conducted  with  three  oil  specimens:  a  standard  specimen  of 
cy  machine  oil  containing  "it  A3HMH-4  additive,  J3-8  oil  refined 
with  150Jlf  furfurol  and  containing  355  A3HHM-7  additive,  and  J3-8 
oil  refined  with  200^  furfurol  and  containing  35?  A3HMM-7  additive. 
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TABLE  70 


Brief  Technological  Characterization  of  Oil  Samples 


1 

Ofipa.UMi 

2 

Texiiojioi  HiccKao  xapaK  1  fine  •  Hxa 

i 

CoMpaiiicriHf  c  ifSHMC- 
3  IIOBAHKC 

n  1  ®  ^ 

4-8,  o'liiiucHiioc  150%!  4ii3C.ibiiue  Mac;io  i‘c;irKTMii'iuii  o'liiCTKii 

2i-8  (150%  (|)yp(j)ypoAa) 

q)yp(|)ypo;ia,  c  3%  npH-| 
caAKH  AaHMM-? 

flJIH  patSoTM  ABliraTl-^ICil  ll  iiimiimx 
ycaoniiax  h3  ncpcncKTiiriiinii  (M(m:i 
iiccjiTCH.  OBiiuieiiiiue  150%  4>yp(ta'P"' 
Jia,  1%  crpiiOH  Kiic;ioTi4  ii  5%  ryM- 
fipima.  K  CasoBOMy  Mac;iy  An8HH;icMn 
0,5%  AcnpeccaTopa  A3IIHII  it  3% 
npHcaaKH  AjHHM-T 

^■8,  oMiimcMiioe  200%  | 
4’yP4>ypuaa  r  3%  npH- 
caAKii  AjHIIH-? 

fo  we,  oviiueiiiioc  200%  (pypijiypo/ia 

4-8  (200%  (jiypifypofla) 

1)  Sample;  2)  technological  characterization;  3)  abbreviation; 

R-Bf  refined  with  150$  furfurol,  containing  3$  A3HHH-7  additive; 

5)  4-3,  refined  with  200$  furfurol,  containing  3$  A:^HMH-7  additive; 

6)  selectively  refined  diesel  oil  for  engine  operation  under  winter 
conditions,  produced  from  crude  oil  mixture  refined  with  150$  fur¬ 
furol,  1$  sulfuric  acid,  and  5$  gumbrln.  Aohum  depressor  (  5.5$)  and 
A3HMM-7  additive  (3$)  added  to  base  oil;  7)  the  same,  refined  with 
200$  furfurol;  8)  4-8  (150$  furfurol);  9)  4-8  (200$  furfurol). 


Table  70  gives  a  brief  technological  characterization  of  the 
4-8  dlesel-oll  specimens  tested. 

Preliminary  Evaluation  of  Engine  Properties  of  4-8  Oils  in  Single 
Cylinder  lH-10.5/1:  Fngins 


Before  conducting  short-term  engine  tests  in  the  serlal-px'od- 


TABLE  ?i 

Results  of  Preliminary  Tests  on  4-8  Diesel  Oils 


Ofipaaeu 


riOK.l.taTC.IH  PlIt'lIKH 


y  6 

2"| 

»  H 

—  3 
s  4;  3 

X 

••  t  •* 

m 

=3 

5S 

X 

aZ 

r 

X 

r-j  c 

V  > 

Q.  *4 

U  it  ^ 

. 

0  ^ 

r> 

0 

X 

’■* 

'd 
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4J 
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<2 

0.07 

0.14 

0.42 

127 

.fO 

0.11 

not 

120 

35 

0.03 

0.-15 

0,58 

9  3Ta;ioiiiiNA  oApaacu 
JJ-H  (150%  ((i)'p(()ypovii)  I  0 
4-8  (200%  Jyp^ypovia)  ’■  0 


i)  Specimen;  2)  indices  evaluated;  3)  wearing  of  fii-st 
compression  rings-,  rag;  average  wearing  of  ring  set. 
bon  deposits,  g;  6)  rings;  7)  grooves;  8)  piston  face; 
specimen;  10)  furfurol. 


and  -ond 
mg;  d)  car- 
9)  .:tandard 
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uced  flA3-204  automobile  eng  le,  the  experimental  oils  were  checked 
in  a  single-cylinder  IM  engine  by  the  method  developed  by  the  En¬ 
gine-Test  Department  of  the  AsHMM  Hfl.  The  results  of  these  tests 
are  given  in  Table  71. 

The  results  of  the  preliminary  engine-characteristic  evalua¬ 
tion  enables  us  to  conclude  that  the  oils  subjected  to  both  types 
of  refining  reduce  ring  wear  by  an  average  of  about  15-20%.  The 
U-8  (  150%  furfurol)  oil  reduces  compression-ring  wear  by  l8.6%  in 
comparison  with  the  standard  specimen  and  total  ring  wear  by  14.3%. 
The  corresponding  figures  for  the  U-8  (200%  furfurol)  oil  are  23.9 
and  l6.7%.  The  refined  oils  yielded  better  results  than  the  stand¬ 
ard  oil  with  respect  to  carbon  deposition  on  the  main  engine  com¬ 
ponents  . 

Short-term  Stand  Tests  of  H-8  Oils  in  flA3-204  Engine 

At  this  stage  of  the  investigation,  a  definitive  evaluation 
of  the  engine  characteristics  of  the  H-o  diesel  oils  was  made  by 
comparing  the  characteristics  of  the  test  oils  on  the  basis  of 
the  results  of  short-term  stand  tests  in  a  four-cylinder  serial- 
produced  51A3-204  engine,  using  the  VNII  NP  method.  The  test  result, 
are  given  in  Tables  72-74, 

The  data  characterizing  the  wear  for  the  main  components  of 
the  JIA3-204  engine  (see  Table  72)  indicate  that  the  piston-ring 
wear  decreases  as  H-8  oil  is  more  highly  refined.  Thus,  /1-8  oil 
(  200%  furfurol)  yielded  a  compression-ring  wear  that  averaged 
24%  less  than  that  produced  by  the  same  oil  refined  with  150% 
furfurol,  while  oil-ring  wear  was  14%  lower. 

The  refined  oils  yielded  somewhat  poorer  results  with  respect 
to  a  number  of  wear  indices  (oil-ring  wear  and  compression-ring 
wear  from  change  in  ring  gap).  However,  with  respect  to  the  main 
Index  usually  employed  for  evaluating  the  antiwear  efficiency  of 
aid i t Ive-contalnlng  oils,  compression-ring  wear  from  change  in 
w- dght,  the  H-8  (150%  furfurol)  and  a-o  (200%  furfurol)  gave  fig¬ 
ure.'.  31  and  45%  lower  than  the  standard  oil  respectively. 

Table  73  gives  a  comparative  characterization  of  tiie  oils 

respect  to  the  amount  and  character  of  the  carb-^n  deposits 
th.e  main  engine  components. 

The  fl-8  (150%  furfurol)  oil  yields  the  same  carbon  depc.-l- 
tlon  on  the  rod-piston  components  as  the  standard  oil.  Greater 
refinement  improves  oil  antideposit  characteristics:  the  carbon 
deposition  for  the  H-S  (200%  furfurol)  oil  is  47%  lower  than  that 
fci'  the  j3-8  (  150%  furfurol)  oil. 

No  differe.nce  was  observed  between  the  two  ii-b  oil  .'.peoimoui. 
with  respect  to  ring  mobility.  They  yield  fewer  free  rings  tiian 
the  standard  oil  but  a  somewhat  smaller  number  of  frozen  rinrs: 
two,  as  against  three  for  the  standard  oil. 

Table  74  presents  data  ch.aracterlzlng  tii«'  ciiange  in  nil 
pi:y s  Icocheinlcal  properties  . 
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TABLE  72 

Wearing  of  Main  Components  of  flA3«20^  Engine 


1 

noKnaarejiH  HSiioca 

draaoHiioe 

2  Macao 

A-8  (150% 

1  ♦KP't'yPjOJii) 

1  A-8  (200% 

j  <j>yp<l'y^4B) 

4 

Maiioc  ’(oMnpeccHONiiux  Kovieit  (no  nO' 
Tcpe  ucca),  K^ 

1 

1 

45 

1 

130 

90 

II 

439  1 
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100  , 
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IV 

187  1 

158  1 

116 

5 

B  rpcniieM  iia  Ko;ibuo 

227 

1 55 

114 

e 

To  >KC  no  ii3MeHciiiiio  aaaopa  b  ctukc 
Koneu,  MX 

I 

! 

50 

75 

50 

11 

150 

150 

125 

III 

75 

75 

50 

IV 

!  50 

75 

75 

s 

B  cpcAHCM  iia  Konbun  1 

i  57 

9G 

75 

7 

H.1IIOC  Mar;ioci>CMHhix  KOneu  (no  no- 
Tcpc  Beca),  Me 

V 

57  ; 

129 

58 

VI 

70  1 

91 

54 

VIT 

75 

93 

107 

VIII 

70  1 

82 

38 

5 

B  cpc/iiicM  ita  Kuabiio 

70 

99 

84 

6 

To  >Kc  no  inMeiieiiHK)  saaopa  a  ctukc 
Koncu,  MX  I 

1 

no  ■ 

170 

117 

VI  1 

'25 

!I7 

,  100 

VII  1 

no 

no 

133 

VIII  j 

150 

130 

5 

B  cpcniicM  Ha  Ko/ibiio  | 

124 

144 

124 

6 

9 

CpejHHA  II3H0C  luaTyiiiibix  BKnsAbiuieA  1 
(/M)  tia  oaiiH  1 

BCpxilllA 

594 

189 

401 

LO 

hhmnmA 

U2 

42 

i 

1)  Wear  Indices;  2)  standard  oil;  3)  furfurol;  compression-ring 
wear  (from  weight  loss),  kg;  5)  average  per  ring;  6)  the  same, 
from  change  In  ring  gap,  p;  7)  oil-ring  wear  vfrom  weight  loss),  r-v 
8)  average  wear  foi-  single  rod  bushing  (mg);  9)  upper;  10)  lower. 


It  can  be  seen  from  the  data  in  this  tatle  that  the  kinematic 
viscosity  of  refined  H-8  oils  In  a  SA3~20^  engine  changes  less 
rapidly  than  that  of  the  standard  oil.  The  same  Is  also  true  of 
the  Increase  In  Iron  content  In  the  worked-out  oil.  The  acidity 
and  tar  content  of  the  refined  oils  undergo  a  greater  change .  'i'h'/ 

ash  content  decreases  In  all  cases,  but  mere  rapidly  tor  tlie  stand¬ 
ard  oil.  The  mechanical-impurity  content  Is  ttie  same  for  the  stand¬ 
ard  and  H-8  (150){  furfurol)  oils,  but  decreases  for  the  H-8  (fOO;? 
furfurol)  oil. 

These  tests  enable  us  to  draw  the  following  conclusions. 

1.  Preliminary  evaluation  of  the  engine  characteristics  of 
the  oils  tested  in  an  IM  engine  shows  that  H-8  oils  subjected  tn 
both  types  of  refining  x’educe  wear  In  comparison  with  CV  machine 
oil,  but  carbon  deposition  is  more  severe  than  for  tiie  la’ier 
oil . 
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TABLE  73 


Carbon  Deposition  and  Ring  Mobility  in  flA3-204 
Engine 


noKa3aTC.iii  ouchkh 

draaoMHoe 

2  Macaa 

il-8  (150K 
♦yPj'l'ypoj'*) 

A-8  {200'« 
♦yi^'ypoj'*) 

4  HarapooCpaiouaiiiic,  a 

5  iia  Ko^ibiiax 

2.41 

3,93 

1,72  • 

6  D  KaiiaDKnx  nopiniicft 

3.5 

3.0.50 

1,51 

7  HI  AiiHuax  nopuiiiefl, 

4.5 

3,25 

2.14 

0  B c c ro 

10.41 

10,23 

5,37 

9  riOABIDKIIOCTb  KOMnpeCCHOHHbIX  KOAeU 

1  0  coo6oah)JC 

18 

i<  ! 

II 

1  I  npiixBaMeitiibic 

3 

2  I 

1  0 

X  2  naoTiibie 

1  3  Her 

3  j 

3 

1)  Indices  evaluated; 

2)  standard  oil; 

3)  Furfurol; 

il)  Carbon  deposition,  g 

5)  On  rings; 

6)  In  piston  grooves; 


7)  On  piston  ^aces; 

8)  Total; 

9)  Compression-ring 

mobility; 

10)  Free; 

11)  Welded; 

12)  Tight; 

13)  none. 


The  11-8  (200/1  furfurol)  oil  is  better  in  all  engine-test  in¬ 
dices  than  the  H-8  (150$  furfuro*!)  oil. 

2.  The  oil  subjected  to  both  types  of  refining  provide  bet¬ 
ter  characteristics  than  the  standard  with  respect  to  all  basic 
indices  (compression-ring  wear  from  change  in  weight).  The  jl-8 
(.150$  furfurol)  oil  is  equivalent  to  Cy  machine  oil  with  respect 
to  carbon  deposition,  ring  mobility,  and  change  in  oil  properties, 
while  the  ;i-8  (200$  furfurol)  oil  halves  carbon  deposition  with¬ 
out  improving  ring  mobility. 

Greater  refinement  of  H-8  oil  thus  provides  somewhat  hirhr-r 
el-service  indices. 

lasting  of  jl-11  Diesel  Oils  Produced  from  Prospective  Crude-Oil 
Mi xture 

We  investigated  the  engine  characteristics  of  3  specimens  of 
!  J  diesel  oils  ; 

A  standard  specimen  —  commercial  diesel  oil  produced  by  the 
bMZ  Im.  XXII  S'yezda  KPSS  and  containing  additive; 

A  standard  specimen  —  commercial  diesel  oil  produced  by  tin 
NflZ  Im.  Dzhaparidze  and  containing  A3HMM-4  additive; 
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TABLE  7^ 

Change  In  Principal  Physicochemical  Indices  of  Worked-out  Oil 


1)  Specimen;  2)  index;  3)  sampling  time;  4)  min;  5)  h;  6)  change  in  index;  7)  ab¬ 
solute;  8)  furfurol;  9)  kinematic  viscosity  at  100°,  cSt;  10)  mechanical  impuri¬ 
ties,  %\  11)  ash,  %\  12)  iron,  mg/liter;  13)  acid  number,  mg  KOH;  l4)  tars,  %. 


TABLE  75 


Brief  Technological  Characterization  of  Oil  Speci¬ 
mens  Tested 


1 

06pa3eu 


TexiioAorH'tccKafl  xapaKrepiiCTHKa 


3  A-ll,  oMHUiciiiioc  200%  (tiyp(i>ypoaa,  I, 
2  H  3%  KiicaoTU  c  3%  npiicaaKH 
AsHHH-? 


*•  /1-il,  omiuiiMiiioe  250%  (byp(|)ypoaa,  I, 
2%  KMcaoTU  c  3%  npHcaAKii 
A3HHM-7 


®^ii3c.ii.Hoe  Mac.io  ccAcKTitniiori  oihctkh  in 
ncpcncKTiinii  li  cmccii  iinlni'i'i.  ('.■ihiucmhui' 
200%  (tiypapypo.-.a,  I,  2  ii  3%  khcaotu  ii 
5%  ryMOpHiia.  K  OaioaoMy  Macay  Ao6aB- 
ACHO  0,2%  ,3ciipc-i'caTopa  A.iMHH  h  3% 
npwcaAKH  AiIIHil-7 

9To  >«e,  oMiituriiHoc  230%  ipypijiypnaa  h  I  ii 
2%  KIICAOTU 


5  A-ll,  OHHUiCHiioe  330%  (t)yp<|iypoAa.  1% 

KiicAOThi  c  3%  iipiifaAKii  A3HMH-7 

6  Jl-ll,  o<<Hui'’iuioc  200%  (peHoaa  c  3% 

npiicaAKii  A.iMIIM-7 

7  il-ll,  OMiiiueiiiiai'  230%  (peiiOAa  c  3% 

npKcaAKii  A3|IIIII'7 


10  To  Ke,  OMHiuPMiioc  330%  i'ypipypoaa  h  1% 

KIICAOTM 

I  ITo  we,  o'liimorn'oe  200%  (peiinAa 
1  2  To  we,  omimciiiiuc  250%  (petii'.i.i 


1)  Specimen;  2)  technological  characterization;  3)  H-11,  refined 
with  200*  furfurol  and  1,  2,  or  3%  acid,  containing  3%  A3HHH-7 
additive;  4)  a-11,  refined  with  250*  furfurol  and  1  or  2*  acid, 
containing  3*  A3HHM-7  additive;  5)  J3-11,  refined  with  350/1  furfurol 
and  1*  acid,  containing  3*  A  2HHM-7  additive;  6)  ,4-11,  refined  with 

200*  phenol,  containing  3*  AaHMM-7  additive;  7)  4-11,  refined  with 

250*  phenol,  containing  3*  .AaHMM-7  additive;  8)  selectively  refined 

diesel  oil  from  crude  oil  mixture,  purified  with  200*  furfurol,  1, 

2,  or  3*  acid,  and  5*  gumbrln.  A3HMM  depressor  (0.2*)  and  A3HHM-7 
additive  (3*)  added  to  base  oil;  9)  the  same,  refined  with  250* 
furfurol  and  1  or  2  *  acid;  10)  the  same,  refined  with  350*  fur¬ 
furol  and  1*  acid;  11)  the  same  refined  with  200*  phenol;  12) 
the  same,  refined  with  250*  phenol. 


3* 

4-11  oil,  refined 
A^MH-7  additive; 

with 
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furfurol 

and 
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containing 

4-11  oil,  refined 
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containing 
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4-11  oil,  refined 
\.iHHM-7  additive; 

with 
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acid , 

oontalnlrig 

3* 

4-11  oil,  refined 
A3HHH-7  additive; 

with 

350* 

furfurol 

and 

1* 

acid. 

containing 

4-11  oil,  refined 
:t  i  ll  1. 1  ve  ; 

wltn 

200* 

phenol. 

containing  j* 

A3HHH-7 

4-11  oil,  refined 
addl tlve . 

with 

250* 

phenol. 

containing  3* 

A3HHH-7 

Table  75  gives  a  brief  technological  characterization  ci'  tti*:.;.; 
specimens . 
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Before  conducting  short-term  stand  tests  in  an  flA3-204  engine, 
the  service  characteristics  of  a  number  of  the  fl-11  oil  specimens 
and  of  the  standard  oils  were  checked  In  a  single-cylinder,  four- 
stroke  compresslve-lgnltlon  engine  of  the  IM  10.5/13  type.  Table 
76  presents  the  results  of  these  tests. 

Analysis  of  the  data  In  Table  76  establishes  that  greater  re- 
flnement  of  the  H-ll  distillation  by  use  of  a  greater  percentage 
of  the  selective  solvent  (furfurol)  causes  a  rise  in  compression¬ 
ring  wear.  Thus,  the  wear  for  the  first  and  second  rings  Increases 
by  Yl%  vhen  the  extent  of  refining  Is  Increased  from  200  to  350/f 
furfurol.  Carbon  deposition  on  the  main  eiigine  components,  however. 
Is  reduced, 

TABLE  76 


Results  of  Preliminary  Tests  on  il-11  Diesel  Oils 
In  Single-Cylinder  IM  Engine 
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I)  Specimen;  2)  compression-ring  wear,  mg;  3)  T  and  II;  averaro 
per  ring;  5)  carbon  deposition,  rag;  6)  rings;  7)  grooves;  8)  pis¬ 
ton  face;  9)  total;  10)  standard  oil  (BNZ  im.  XXII  3"ye2da  KPSS); 

II)  standard  oil  (BNZ  im.  Dzhaparidze);  12)  furfurol;  13)  acid. 


Increasing  the  extent  of  acid-contact  refining  oi'  H-11  (200% 
furfurol)  oil  from  1  to  2%  acid  causes  a  slight  increase  in  wear 
und  carbon  deposition.  A  further  increase  (to  3J)  reduces  these 
indices  to  the  sa.ne  level  as  for  IJf  acid. 

Refinement  of  U-ll  (250%  furfurol)  distillate  with  2%  acid 
causes  total  carbon  deposition  and  deposition  on  the  rings  and 
grooves  to  increase  by  an  average  of  ^OS  In  comparison  with  re¬ 
finement  with  1%  acid. 

The  wear  characteristics  of  all  the  U-11  diesel  oils  tested 
are  greater  than  for  the  standard  commercial  oils.  Only  U-11  (250% 
furfurol  and  1%  acid)  oil  had  an  antldeposttlon  properties,  equiva¬ 
lent  to  those  of  the  standard  commercial  BNZ  im.  XXII  S"v<  s.da 
KPSS  oil. 
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TABLE  77 


Wear  for  Main  Components  of  flA3-20^  Engine  After 
Short-term  Tests  with  5-11  Diesel  Oils  Containing 
A3HMH-7  Additive 
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1)  Wear  Index;  2)  standard  oil  (3NZ  im.  XXII  S'’yezda) ;  3)  standard 
oi.  (BNZ  im.  Dzhaparidze);  i|)  furfurol;  5)  acid;  6)  compression- 
r'l.,-  wear  (from  weight  loss),  mg;  7)  average  per  ring;  8)  the  sanu', 
I'r  i  change  in  gap,  ym;  9)  oil-ring  wear  (from  weight  loss),  mg; 

1.'.  average  wear  for  one  loaded  rod-bearing  bushing,  mg;  11)  the 
.•a!T:e,  for  unloaded  bushing;  12)  phejiol. 
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TABLE  78 


Carbon  and  Tar  Deposition  and  Ring  Mobility  In 
flA3-204  Engine  After  Short-Term  Tests  on  /l-ll 
Diesel  Oils  Containing  AsHMkf-?  Additive 
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1)  Engine-test  Indices;  2)  standard  oil  (BNZ  Im.  XXII  S”y®J^da) ; 

3)  standard  oil  (BMZ  im.  Dzhaparidze);  k)  furfurol;  5)  acid;  6) 
phenol;  7)  carbon  deposition  In  piston  rings,  g;  8)  carbon  deposi¬ 
tion  In  piston  grooves,  g;  9)  carbon  deposition  on  piston  faces, 
g;  10)  total  carbon  deposition,  g;  11)  number  of  free  compression 
rings;  12)  number  of  compression  rings  with  restricted  mobility 
(tight);  13)  number  of  frozen  compression  rings. 
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In  order  to  make  a  more  thorough  appraisal  of  the  engine 
characteristics  of  the  test  oils  under  operating  conditions  in 
high-supercharged  serial-produced  automobile  engines,  where  oils 
of  the  ^-11  type  are  most  widely  used,  we  conducted  short-term 
stand  tests  of  various  oil  specimens  of  this  type. 

Table  77  shows  the  wear  characteristics  of  the  oils.  Table 

78  shows  the  carbon  deposition  on  the  engine  components,  and  Table 

79  shows  the  change  in  oil  physicochemical  properties. 

The  data  in  Table  77  enable  us  to  establlsJi  that  use  of  250/J 
furfurol  as  the  selective  solvent  is  the  optimum  type  of  refine¬ 
ment,'  bringing  the  oil  quality  to  a  higher  level  than  that  of 
standard  oils. 

A  somewhat  more  complex  relationship  obtains  for  the  in¬ 
dices  characterizing  carbon  deposition  and  piston-ring  mobility 
In  engines  operating  with  ^-11  oils  subjected  to  different  degrees 
of  refining. 

First  of  all,  none  of  the  refined  j3-ll  oils  are  equivalent 
in  total  carbon  deposition  on  the  main  engine  components  to  the 
standard  commercial  oils.  Use  of  250^  phenol  for  refining  yields 
better  results  than  200J5  phenol  (8.7  and  9.67  g  respectively). 

Increasing  the  degree  of  acid-contact  refining  of  furfurol- 
processed  /l-ll  oils  causes  an  increase  In  carbon  deposition. 

Increasing  the  refinement  of  U-ll  oils  with  furfurol  to  35055 
reduces  total  carbon  deposition  to  9.1  3,  as  against  13.7  g  for 
200J6  furfurol  and  10.07  g  for  25055  furfurol.  The  best  piston-ring 
mobility  Indices  are -also  obtained  in  this  variant  (  350?  furfurol). 

As  can  be  seen  from  the  data  In  Table  79 >  the  change  In  vis¬ 
cosity  Is  greatest  for  the  standard  specimens  (5  and  1.6?)  and 
for  the  ;i-ll  (250?  furfurol  and  2?  acid)  oil,  amounting  to  6.5? 
in  the  latter  case.  The  changes  in  viscosity  are  almost  identi¬ 
cal  for  specimens  refined  with  200  and  250?  phenol  (  11.6  and  11.5? 
respectively)  and  somewhat  greater  for  those  refined  with  200, 

250,  and  350?  furfurol  (22-24?). 

The  acidity  of  /l-ll  oil  refined  with  200?  furfurol  or  200? 
phenol  remains  almost  constant  during  the  test,  while  that  of  the 
standard  VNZ  Im.  XXII  S"yezda  oil  increases  by  a  factor  of  more 
than  3.  The  acidity  of  the  fl-11  (250?  furfurol)  and  4-11  (250? 
phenol)  oils  is  almost  doubled.  The  change  In  the  acidity  of 
the  standard  "VNZ  im.  Dzhaparidze  oil  is  slight  (38?). 

The  Increase  in  the  tar  content  of  the  oils  can  be  assumed 
to  be  almost  identical  in  all  cases,  the  rise  being  250-350?.  The 
change  in  coke  content  is  greatest  in  the  4-11  (250?  furfurol  arid 
2?  acid)  oil. 

Short-term  tests  in  a  flA3-204  engine  have  thus  established 
that  4-11  oil  refined  with  250?  furfurol,  1?  acid  and  5?  gumbrin 
and  containing  3?  A3HMH-7  additive  and  0.2?  depressor  is  better 
than  the  standard  commercial  oils  produced  by  the  VNZ  im.  XXII 
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TABLE  79 

Change  1’^  Physicochemical  Proparci^n  of  Jl-11  Oils 


OOpaacu 


1 


BpeMti  OT6opa  iipo6 


ataaoiiHOc  Macac 
A-U  (rOCT 
5304-64) 


1  3  ara/iOHHOC  Macao 
A-ll  BH3  HM. 
XXII  cieaaa 
Knee 


1-11  (200*  (pvp- 
(fypoaa) 


A-II  (2505b  Vvp- 
(♦lypoaa,  1  *  khc- 

aOTiil  ‘  ^ 


A-l!  (2.‘)0*  Hp- 

(|iypoaa.  254, wc- 
aory)  *  ^ 


13  '  Ik 

rfocac  2(1  MUH 
10  <(  1  V 
2ii  '/ 

30  t 

40  H 

r>o  H 

..  60  H 

1  S  yueaHMfHHe  a6c. 

noKai.iTcasi,  % 
13  I  1. 

iTocac  20  MUH 
10  •( 

20  H 

30  « 

40  H 
50  u 
60  u 

I  *  ViicaiiwHHe  a6c. 
noKa:)aTC-ia,  % 

U  I** 

fToc.ie  20  MUH 

..  10 
..  20  H 

..  30  H 
..  40  << 

..  50  x 

60  X 

1  syBC.iHMCHi'e  a(ic. 

jioKasaTcflH,  % 
13  IX 

ritK'Jlf  20  HUM 
..  10  X 

..  20  X 

..  30  X 

40  X 
..  50  X 

..  (>0  X 

1  SyBlMlIMCIIHC  a6c. 
iioKataTc.iH.  % 


1  3 


1  X 


A- 11  (350* 
♦ypoaa) 


llOC.ie  20  MUH 
..  10  X 

..  20  X 

..  30  X 

„  4(*  X 

„  50  X 

„  00  X 

SVmMHxciiHr  aOc. 
iioKaiaTcaH,  % 

„  •  •• 

rioCflC  2t>  MUH 

10  X 
..  20  X 

„  30  X 


«o 

<U 

21  — 
3§  §■ 

i  i- 

X  '•* 

X 

3 

t 

s 

a 

c 

o 

2  X 
u 

OJ 

- 

5  5 

7. 

_  4  _ 

5 

o 

n 

cn 

6 

___ 

a 

o' 

-J 

n  1 

u 

y 

o 

o  _ 

X  ^ 

o 

S  N 

u:  n 

8 

< 

•S 

o 

IC 

~'rr 

6 

8 

10.1.3 

0  04 

0,0.57 

1.2 

0,26 

0.31 

10.33 

0.08 

0,055 

1.5 

n..38 

n,.3i 

10,70 

0  1  1 

0  04.’, 

, 

0,04 

0  11 

10.:.', 

0.14 

0018 

8 

0.44 

0,1.1 

lO.O 

0.22 

0  041) 

10 

0.,>4 

0.71 

11,31 

0,2'’. 

0.055 

1,3 

0  31 

O.'M. 

II. i4 

0.:44 

0,0(.0 

1.3 

0.36 

1.21 

0,51 

o,.3n 

0,003 

11,8 

0,10 

0,90 

5 

750 

5 

- 

38 

261 

12,01 

0.1  lO 

0,03 

0.2 

0,15 

0,13 

1 1,1.5 

0,04 

0,02 

1.7 

0,21 

0,2.5 

11,45 

0,11 

O.OH 

42 

0,36 

0.53 

11,73 

o.n 

0  03 

2,7 

0.36 

0,71 

1 1.83 

0,07 

0,01 

6.5 

0.42 

0,81 

12,25 

n.oo 

0.05 

8.2 

0,45 

0,93 

12,20 

O'.  13 

r.of) 

17 

0.54 

1.31 

0,10 

0,04 

0.03 

16,8 

0.39 

0.88 

1.5 

44 

100 

-• 

2(4) 

205 

1.0.28 

0,43 

0,12 

4.5 

0,07 

0.4  N 

l()..53 

0.50 

0,08 

10 

0,05 

O.i'i 

11, .34 

0,1,1 

0,06 

13,7 

0,07 

0.81 

11,47 

0.73 

0.12 

16 

0.07 

0,85 

12,01 

0,76 

0,14 

I8..5 

0.06 

1.42 

12.47 

0,77 

0,16 

•20,75 

008 

l.,5.5 

12,88 

0,',-i3 

0.20 

20,5 

0.07 

1,68 

2,f.O 

0,40 

0,08 

16 

0 

1.20 

24 

94 

l)’i 

— 

0 

250 

io.r.0 

il,'.'.’ 

6  i  . 

1„5 

0,01 

i'  4 1 

1 1,71 

(*.(i 

fUO 

i,5 

t  ,0  ■ 

0,.., 

12  IM 

IJ.l'iS 

0,1 1 

9,0 

{)  >  '  I 

0,70 

12,2.3 

(t  ) 

0,16 

11,5 

0,06 

1.01 

I2,‘>4 

(>  0.S-. 

0,!8 

13,2 

0.1  7 

1,24 

12.01 

o.roj 

0  20 

14,5 

(),or. 

1,2 

M  '4 

O.iix  \ 

0,21 

18,7 

0,08 

1,1- 

2.54 

.).0I8!  0.07 

17,2 

0,01 

1,1'. 

21 

50 

- 

lu) 

3.5  I 

0,70 

0,('l 

0,1.5 

,32 

0.024 

O.-.s 

o,7ii 

on.,  ( 

0  25 

107 

0,01.,=. 

(),.'> 

0,S3 

o.n;, 

0.22 

1  4 

0  (""1 

0,MI 

0,00 

0,102 

0,20 

23 

0(8.5 

O.Kt 

0  10  j 

0,.’0 

37 

D.O.M 

0.6,-. 

|0.i3 

j  0,001' 

,  0„i0 

24 

0,08',. 

0.1  a. 

10.12 

0,105 

.1,34 

23,5 

O.il 

0,70 

0,1.3 

0,0ik5 

0,19 

0,086 

0,21 

.1,5 

1  16 

1 

12 

350 

36 

0.40 

0,012 

0,4  • 

Oo.’ 

n.1,1 

0  80 

0,012 

i  0  20 

,55 

0.06 

0.9m 

I0.,38 

'  o.ai 

0,42 

72 

0,07 

I.Ui 

lO.-M 

1  0.05 

j  0,52 

1“ 

1  0.09 

1.26 

1 

163 


TABLE  79  CONTIMUED 
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O.fiO 

iiOKaaareaa,  % 

11,5 

50 

225 

— 

75 

2.'iO 

1) 

Specimen; 

10) 

Standard  H-11 

2) 

Sampling  time; 

oil  (BNZ  Im.  XXII 

3) 

Kinematic  viscosity 

S''yezda  KPSS); 

at  100*^0,  cSt; 

11) 

Purfurol ; 

4) 

Mechanl'jal  impuri¬ 

12) 

Acid; 

ties,  %\ 

13) 

After; 

5) 

Ash,  %\ 

lA) 

min; 

6) 

Iron,  mg/llter; 

15) 

Increase  in  abso¬ 

7) 

Acid  nurr.ber,  mg  KOH; 

lute  index,  %\ 

8) 

Tars,  ?; 

16) 

Phenol ; 

9) 

Standard  .A-11  oil 
(GOST  530i*-'i4); 

17’ 

h . 

S"yezda  and  VNZ  Im,  Dahaparldze  with  respect  to  engine-component 
wear,  but  are  slightly  Inferior  to  these  oils  with  respect  to 
carbon  deposition  and  change  in  physicochemical  properties. 

Testing  of  U-14  Summer  Diesel  Oils  from  Prospective  Crude-Oil 
Mi xture 

We  Investigated  the  operating  characteristics  of  the  follow¬ 
ing  diesel  oils  Intended  for  summer  service  in  fast-stroke  super- 

TABLE  80 


Brief  Technological  Characterization  of  Oil  Speci¬ 
mens  Tested 


Ortp33<?ll 

2  Te>ii'»;iotM'ieCK.iw 
XapAKTCpHCTMK.I 

!  ,  r.'iKpaiiic'Hiioe 

1  M3HMe)ii>naHHc 

4.'M4,  OHHiueiiiioc  2507 
i|)eHOfl*  c  3%  npHrsaKK 
AiHHH-7 

i  ■  'Ihjoj.wloe  Mar,n(i  I'r.ii  h 

T.  BIlOH  0>IIICTKI<  pa- 

'  fiOTU  jBHraTCAB  u  .let- 

mix  ycaoDHDX  hi  nrp- 

CnCKTHBHOti  CMfCII 

TeM,  o'lHmei'iioc  250% 
(jiciioaa,  2%  ccpiioH  khc 
aoTu  II  5%  ryMOpiiH? 

'11-14  (250%  ipciioAa) 

5  /I- 14,  OMMUieiiiioc  300% 
<t)Ciio;i3  c  3%  npHraaKii 
AiHHH-7 

^  iM4  iia  6a3c  Aeac4ia,nh- 
THaara  c  3%  npHcaAKit 

A  HHH-7 

To  OMiitucHiioe  300% 

()>eHoaa 

>  '  /I  14  (3itj%  ipciioAa) 

1  i/l'l4  (Aef>c({>a;iurH'iHpoBaii 

HOC) 

1)  Specimen;  2)  technological  characterization;  3)  abbreviation; 

4)  il-l4,  refined  with  250%  phenol,  containing  %%  A3HMM-7  additive; 

5)  j3-l^,  refined  with  300>'  phenol,  containing  5%  AaHMM-7  additive; 

6)  H-l4,  oaced  on  deasphaltlzate,  containing  3J5  A3HMM-7  additive; 

7)  selectively  refined  diesel  oil  for  engine  operatic. under  sum¬ 
mer  conditions,  produced  from  prospective  crude-oil  laixtui'e,  re¬ 
fined  with  2poi  phenol,  2%  sulfuric  acid,  and  5%  gumbrin;  8)  the 
same,  refined  with  300f  phenol;  9)  il-1^  (250^  phenol);  1C) 

(300^  phenol);  11)  il-1^  (  deasphalted) . 


charged  engines: 


a  standard  oil  —  commei’cial  selective).,/  refined  H-lA  dle^'i 
oil  produced  by  the  VNZ  Im.  XXII  S”yezda  an  1  containing  3%  AaHMii-4 
additive  and  AsHMH  depressor; 


il-i4  oil,  refined  with  250%  phenol,  containing  3‘*  A3HMH-7 
additive; 

H-14  oil,  refined  with  300<  phenol,  containing  3%  A^HHH-7 
additive; 

H-14  oil,  produced  from  deasphaltlzate,  containing  AaHHH-7 
additive . 

Table  80  gives  a  brief  technological  ciiarac'ter!  1  ■' t»  of  these 
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oil. 


In  order  to  make  a  comparative  evaluation  of  certain  service 
characteristics  of  the  test  oils,  we  conducted  short-term  stand 
tests  in  a  tractor  engine.  Commercial  low-sulfur  diesel 

fuel  was  used  for  the  2^50-h  test,  whose  results  are  given  in  Table 


The  data  in  this  table  indicate  that  none  of  the  oils  tested 
were  equivalent  in  quality  to  the  standard  oil  with  respect  to  en- 
Ei>^®~domponent  wear.  Thus,  the  average  piston-ring  wear  when  the 
engine  was  operated  with  oils  refined  with  250  or  3005S  phenol 

was  20%  greater  than  for  commercial  H— 14  oil;  the  corresponding 
wear  for  the  oil  produced  from  deasphaltizate  was  54^  greater  than 
that  for  the  standard  oil. 

Carbon  deposition  was  identical  for  the  standard  and  U-l4 
(250J  phenol)  oils,  but  a  greater  number  of  free  rings  was  ob¬ 
served  for  the  latter  oil.  An  Increase  in  reflnement'to  300%  caused 
a  decrease  in  antideposition  properties. 

The  ring  scuffing  observed  in  all  cases  indicates  that  none 
of  the  oils  tested  provide  normal  operating  conditions  for  this 
type  of  engine. 

Table  82  shows  the  change  in  the  physicochemical  properties 
of  the  oils. 

As  can  be  seen  from  the  data  in  this  table,  the  smallest 
change  in  viscosity  was  for  the  H-l4  (250!?  phenol)  and  deasphalt- 
Izate-base  oils,  amounting  to  8,3  and  5.65?  respectively.  The  change 
for  the  H-l4  (300$  phenol)  oil  was  15.4$. 

The  best  results  for  other  indices  were  yielded  by  the  de- 
asphaltl zate-base  H-l4  oil,  which  exhibited  no  noticeable  change 
in  principal  physicochemical  constants. 

The  tests  conducted  enable  us  to  draw  the  following  conclu¬ 
sions  . 


1.  Piston-ring  wear  for  H-lU  oils  refined  with  250  and  3U0$ 
phenol  was  20$  higher  than  for  commercial  /l-l4  oil.  The  wear  for 
oil  based  on  deasphaltizate  was  54$  higher  than  for  the  stand¬ 
ard  oil. 

Carbon  deposition  was  identical  to  the  standard  for  the  ^-l4 
(250$  phenol)  oil  and  ring-mobility  indices  were  somewhat  better-. 
Increasing  the  degree  of  refinement  to  300$  phenol  caused  a  deter¬ 
ioration  with  respect  to  carbon  deposition  and  ring  mobii:ty.  Car¬ 
bon  deposition  was  also  greater  for  the  ^-l4  oil  produced  from  de¬ 
asphaltizate  and  piston-ring  mobility  was  identical  to  tnat  for  t hi 
standard  specimen. 

3.  The  best  results  with  respect  to  change  in  physicoob.rnioal 
properties  were  obtained  for  the  deasphaltlzate-based  jl-l4  oil  con¬ 
taining  AaHMH-7  additive. 
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TABLE  8l 


Results  of  Short-term  Stand  Tests  of  Oils 

in  Engine 


noKasareAH  H3Hoca 

2 

3Ta;»OH- 
HOC  HBC- 
JIO 

3 

ja-l4  (250% 
iflL’HOAa) 

4 

iI-14  (300% 
4)fiioaa) 

1  ^ 

A-14  (Aoic- 

ij)aabTHaHp<t- 

HaiiHOe) 

6  HaHOC  KOMnpeccHOHHMX  Koaeu  (no  no- 

Tcpe  seca),  mi 

1 

1 

1 

1 

IS2 

243 

i  210 

317 

II 

232 

213 

25r» 

355 

III 

!  204 

2h,S 

281 

2WI 

7  B  cpcAiieM  iia  Konbuo 

i  20f) 

248 

249 

317 

eTo  Me  no  lOMciieHnio  aaaopM  mk 

I 

75 

87 

87 

62 

II 

75 

75 

87 

200 

III 

75 

112 

1  112 

300 

7  B  cpeAHL-M  iia  Ko.nbuo 

75 

92 

95 

187 

3  CpCAMhfi  H3IIOC  OAHOrO  MaCAOC^eMHO^O 

KOJibUil  no  noTcpe  Bed.  Me 

679 

792 

662 

609 

8  To  Me  no  H3...ciieiiiiio  aaaopa,  mk 

1  0  Harap,  ^ 

650 

875 

719 

707 

1  1  C  KOAOU 

1,59 

1,07 

1,25 

1,96 

1  2  c  All  nut 

0,92 

2,30 

3,05 

9,52 

1  3  C  KBHBDOK 

6,43 

6,40 

11,05 

11,33 

1  4  B  c  e  r  0  narapa 

10,94 

10,07 

1535 

22,91 

1  5  riOABHMHOCTb  KOAClt 

1  6  CB060AIIUC 

16 

18 

14 

17 

1  7  hAOTlIblC 

— 

1 

— 

— 

1  8  npHXBaMCKIIbIC 

A 

1 

6 

3 

1)  Wear  Index;  2)  standard  oil;  3)  H-l^  {250%  phenol);  4)  H-l4 
(300/8  phenol);  5)  H-14  (deasphalted);  6)  compression-ring  wear 
(from  weight  loss),  mg;  7)  average  per  ring;  8)  the  same,  from 
change  in  gap,  um;  9)  average  wear  for  one  oil  ring,  from  weight 
loss,  mg;  10)  carbon  deposits,  g;  11)  rings;  12)  piston  face; 
13)  grooves;  l4)  total  deposits;  15)  ring  mobility;  16)  free; 
17)  tight;  l8)  frozen. 
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TABLE  82 

Change  in  Physicochemical  Properties  of  ^1-1^  Oils 


06pa3cu 


9  SrtMimot  Miciio  ‘  ^Hocae 


ZMocae  10  »  i  a 

.  20  •/ 

.  30  1 

.  4ft  H 

.  SO  •( 

.  (iO  1 

.  70  « 

.  80  H 

.  00  t 

.  100  % 

.  11 » < 

.  120  t 

•tyaeaNieHMe  tOc. 
naKa3<Tc;.fl,  % 


A-14  CjS0%  ^■o<L  2nocae 

m)  ^  I  • 


A-M  (300%  icNO-l 
««) 


il'l4  («sW^a«b> 

THMUOMMOe) 


2nocae  10  «  1  3 

.  20  « 

.  30  H 

.  40  * 

.  50  * 

,  60  H 

.  70  « 

.  80  IT 

.  90  « 

.  KX) 

.  110  « 

.  120  H 

itVMAii^Hife  a6c. 
noKosarejiR,  % 

zriacjie  10  v  1  3 

.  2  >  1 

.  33  s 

40  H 
.  50  V 

.  60  t 

.  70  « 

.  80  s 

00  H 

.  100  « 

.  110  H 

.  120  H 

.  i»yi«3H<ICMHC  aOc. 
noK«MTeaa,  % 

zriocac  10  •»  l  1 
.  2  >  < 


14.47 
14.5.3 
I4..59 
15.02 
15.14 
15.05 

15.23 
1.5.34 
14.41  0.24  I 

14.24  0.39  I 

17.06  0,074 

15.68 

1.21  I  0.056 
8.3  I  100  I 


0,46 
0,47 

0.83  142 

1.05  302 

1,09  230 

0.54 
0.12  I  58 
28  131 


12,93  0  032 

13,28  0.023 


I3!.50  I  0.067 
14.14 


1.5,94  !  OO'O 
1759  I  0,14  , 
15,84  0  024 

18,.52  0,015 

16.7.5  0.024 

15.23  0,010, 


0  0 10  0.59 
0,14  ,  0,73 
0024  0,79 
0,013  1,01 

0.024  0,92 
0  010,  0  34 
0.017  0,69 


0,41 
0,4( 

0.(>' 
04,' 
0.7S  I  C.("' 


0,72  0„3‘: 

0,70  0,3» 


28 

31  0,70  0,3» 

31  0,84  0,7,' 

42  0,81  0,31 

.52  0,85  0,6' 

43  0,87  0.70 

31  0.74  0.5< 

0.18  o.i; 
.2  23 


-.•)  1 

0t,7 

0  0'' 

Oil  i 

0,7,5 

0.06 

49 

091 

0.0,3 

M 

0  92 

0,16 

1  01 

0,11 

84 

1,07 

43 

1,02 

0,l;. 

46 

1,04 

0.21 

30 

1 .05 

0.12 

78 

1,10 

o,2r 

43 

1,10 

0,24 

(1,40 

0.17 

... 

73 

240 

16 

1.1 

0,21 

14 

1,02 

0,34 

9 

I.2I 

0,2.3 

23 

1.42 

0.54 

29 

183 

0.44 

14 

1.60 

0,28 

22 

1.09 

0.21 

TABLE  82  CONTINUED 


1 

2 

4 

5 

» 

G 

7 

8 

1  1 

[  < 

■ 

rrrr 

,  -  . 

;i-l4  (Aeaci|»;ib- 

'■^rJocflc  80  <(  1  i 

ir.jr. 

0.012 

0.00 

34 

1,03 

0.18 

TM3NpOUHO) 

.  90  u 

I0.5H 

0,0 1.O 

0,02 

10 

1,07 

0,20 

.  100  1 

0.024 

0,04 

27 

1,12 

0,18 

.  no  1 

I6.r)8 

0.010 

0,00 

13 

1,10 

0,20 

.  120  H 

16.8.-, 

0.010 

0,.''>7 

12 

1.11 

0,20 

1  4  VBCJiH'ieHHe  aOc. 

0,02 

0 

- 

0,01 

— 

iioKaaaTeafi,  % 

.0.0 

0 

' 

1)  Specimen;  2)  sampling  time;  3)  kinematic  viscosity  at  100®C,  cSt; 
4)  mechanical  impurities,  5)  ash,  %;  6)  iron,  %;  7)  tars,  %;  8) 
acid  number,  mg  KOH;  9)  standard  oil;  10)  phenol;  11)  deasphalted; 
12)  after;  13)  h;  1^)  Increase  in  absolute  Index,  %. 


Investigation  of  Engine  Characteristics  of  Oils  Produced  by  Deas¬ 
phaltization 

Expansion  of  petroleum  raw-material  reserves  and  modification 
of  the  types  of  crude  oils  processed  to  produce  high-quality  oil 
distillates  Is  Inseparably  related  to  selection  of  new  oll-refln- 
ing  processes  optimum  for  given  conditions. 

For  a  number  of  years,  the  Institute  of  Petrochemical  Processes, 
Academy  of  Sciences  of  the  AzerUaydzhan  SSR,  has  been  Investigating 
the  effectiveness  of  deasphaltization. 

The  goal  of  research  on  the  properties  of  oils  produced  by 
this  new  technological  process  has  been  to  establish  optimum  regimes 
for  certain  types  of  refining  and  ’to  determine  the  extent  to  which 
oils  produced,  wheh  mixed  with  additives,  satisfy  tiie  requirement;: 
imposed  on  motor  oils  by  the  planned  new  oil  classification. 

Work  conducted  at  the  Oil  Technology  Laboratory  under  tne  su¬ 
pervision  of  R.Sh.  Kuliyev  established  that  separate  purification 
of  the  deasphaltization  products  of  petroleum  asphalt  from  the 
Neftyanyye  Kamni  deposit  and  of  type  10  automobile  oil  from  the  same 
crude  oil  before  compounding  to  produce  H-11  oil  entailed  a  number 
;'jr  difficulties  related  to  the  unsatisfactory  f  1  Iterabl  11  ty  of  the 
deasphaltizate  during  contact  refining. 

In  order  to  solve  this  problem,  it  was  suggested  that  a  de¬ 
asphaltizate  with  its  viscosity  reduced  by  dilution  with  refined 
type  10  distillate  be  used  for  contact  refining. 

The  resultant  decrease  in  viscosity,  as  well  as  the  acidic 
medium  created  by  mixing  the  refined  acidic  distillate  with  the 
deasphaltizate,  substantially  improved  compound  fllterabillty  dur¬ 
ing  contact  refining.  U-11  oil  produced  from  deasphaltizates  of 
Neftyanyye  Kamni  petroleum  asphalt  (HK)  and  type  10  autom--blle  oil, 
Jointly  refined,  was  tested  In  mixtures  with  Monsanto  additive;;  re¬ 
commended  for  production  of  HD  (XjJ)  compounds  of  series  1,  2,  and  3. 
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Tne  next  stage  was  selection  of  the  optimum  compound  of  Ba- 
lakhanskoye  crude-oil  asphaltlzate  (5Mh)  with  type  6  automobile 
oil,  refined  with  1  or  2%  acid,  and  with  type  10  oil,  also  refined 
with  1  and  2%  acid.  The  engine  properties  of  these  specimens  were 
determined  In  an  mt  9/3  apparatus  by  the  mum- lot  method.  The  test 
results  are  presented  in  Table  83. 

The  data  In  this  table  show  that  the  base  oils  tested  had  al¬ 
most  the  same  engine  index,  equivalent  to  that  of  commercial  4-11 
oil  from  the  VNZ  im.  XXII  S"yezda  KPSS. 

Long-term  engine  tests  are  necessary  for  more  complete  analy¬ 
sis  and  definitive  engine  evaluation  of  the  properties  of  these 
oils.  Short-term  screening  tests  can  be  used  only  to  find  the  best 
of  the  specimens  tested.  Only  more  prolonged  testing  under  stand 
conditions  can  provide  a  full  evaluation  of  this  specimen. 

TABLE  83 


Results  of  Tests  by  MflM  Method 


1 

O0ps3{U 

MoTOp- 
huH  hii- 

2  ACK. 

il-ll  (0aK.)  aaBojia  hm.  XXII  c-bcaja 

9,2  -13, 

H-ll  (HK3) 

11,7 

A- II  iia  Saae  aeacc^taABTiiaaTa  EMK  ii 

aSTOJia  6,  OHHIUeHHOrO  1%  KHCiAOThi 

10,4 

To  >Ke,  2%  KHC^IOTbl 

13.9 

A- II  Ha  Case  Acac^ajibTiuaTa  BMH  ii 
aBToaa  10,  oniiueitHoro  |%  khcjiotu 

14,3 

To  2%  KHCMTU 

13,R 

A- II  Ha  Oase  4eac(^aabTHaauHH  rya- 
poHa  HK  11  aaro^a  10  (coaMecTiian 

UHHCTKa) 

10,3 

1)  Specimen;  2)  engine  Index;  3)  fl-11  (Baklnskoye) ,  VNZ  im.  XXII 
S”yezda;  A)  H-11  based  on  5MK  deasphaltizate  and  type  6  automobile 
oil,  refined  with  1%  acid;  5)  the  same,  2%  acid;  6)  /l-ll  based 
6MH  deasphaltizate  and  type  10  automobile  oil,  refined  with  1%  acid; 
7)  H-11  based  on  HK  petroleum-asphalt  deasphaltizate  and  type  10 
automobile  oil  (Joint  refining). 


Long-term  Stand  Tests  on  Oils  Produced  by  Deasphaltization  of  Nef- 
tyanyye  Kamni  mazut  and  Petroleum  Asphalt 

In  order  to  make  a  comparison  of  engine  characteristics,  we 
tested  an  oil  obtained  by  deasphaltization  of  Neftyanyye  Kamni  ma¬ 
zut  and  containing  lOU  A3HMM-7  and  CB-3  additives  In  a  ratio  of 
1:2  and  an  oil  produced  by  deasphaltization  of  Neftyanyye  Kamni 
petroleum  asphal*  mixed  with  automobile  oil  and  containing  10)5  of 
a  similar  compound  additive.  The  tests  were  carried  out  for  1^0 
in  a  flA3-202  engine;  their  results  are  given  In  Table  84. 

The  compression-  and  oil-ring  wear  indices  were  similar  Iti 
both  cases;  a  somewhat  better  result  with  respect  to  carbon  de¬ 
position  and  ring  mobility  was  obtained  for  the  oil  based  on  pe¬ 
troleum-asphalt  deasphaltizate. 
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TABLE  0^ 


Results  of  Short-term  Tests  In  RA3-204  Engine  (%  of 
Standard) 


'<  1 

doKajateiiH 

2 

STaaoii 

ACn-11 

3 

Macao  Ha  6a3c 
AHacftfaxhTHsara 
uaayra  c  10% 
A3HMM-7  H 
C5.3 

4 

Macao  iia  6fi3c 

Aeac({iaabTH3aT,i 
ryapoH.i  c  10\ 
A3HHM.7  H 
CB-3 

i 

5  KOMnpccciiOHHUx  Ku/ieu  no  no-  ^ 

1 

Tope  aeca 

I 

ion 

ni 

I  77 

ti 

inn 

HI 

1 

III 

inn 

124 

IV 

■  100 

no 

100 

(,  n  cpc'AHCM  iia  Koabuo 

inn 

7f. 

1 

7.  To  ;»<c  Macaoci>eMiiux  Koacu 

I 

100  . 

1  no 

II 

inn 

8S 

85 

III 

100 

79 

20 

IV 

100 

77 

75 

6  K  cpCAKCM  Hi  KOJIbUO 

100 

83 

80 

8  ll  iiioc  BKAanuuieii  inaTyHtibix  noAUiun- 

iiHKOB  no  noTcpc  neca,  a  cpeAHeM  ua 
U/IMII 

9  liepXIIHM 

100 

i 

ni 

50 

1  0 

100 

!  118 

I  43 

^  T  {1(ij(iiH)Kiiocrb  nopuiHeaux  Koaeu 
^  ^  CH060AHUC 

!  12 

ir> 

14 

1  3  tlJIOTHhlC 

T 

1 

0 

1 

1  4  iipHxsaHeHHUc 

1  .  1 

1 

1  5  Harapu 

70 

45 

1  6  C  KQAtU. 

100- 

1  7C  KaHBBOK 

100 

62 

90 

1  ec  Koaeu  h  KaiiaooK 

100 

64 

78 

1  9C  Aiiaw 

100 

134 

100 

1)  Index;  2)  standard  UCn-11;  3)  oil  based  on  mazut  deasphaltizate 
containing  10^  and  C5-3;  oil  based  on  petroleum-asphalt 

deasphaltizate  containing  10%  A3HHH-7  and  CB-3;  5)  comireEslon-rin;,: 
wear,  from  weight  loss;  6)  average  per  ring;  7)  the  same,  for  oil 
rings;  8)  average  wear  per  rod-bearing  bushing,  from  weight  loss; 

9)  upper;  10)  lower;  11)  piston-ring  mobility;  12)  free;  13)  tighc; 
1^)  frozen;  15)  carbon  deposits;  l6)  rings;  17)  groeves;  l8)  I'ings 
and  grooves;  19)  piston  faces. 
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TABLE  85 


Piston-Ring  and  Cylinder  V/ear 


1 

noK«3aTejiH 

Zl-II-1-3* 

UHATHM-339 

1 

.Macao  iia  Oaae 
Aeac(t)aAbTH3aTa 
MaavT.i  c  10% 
A3liHM.7  H 
CB.3 

2 

Macao  iia  Oaac 
Aeac())aAbTN3aTa 
rvApoiia  c  10% 
AsHMH-?  H 
CB-3 

3 

'*M3hoc  KOMnpeccHoiiMhix  xo/icii  no  no- 

1 

Tcpe  Beca, 

1 

379,3 

297,1 

II  , 

— 

10.55,3 

340,8 

III 

— 

901 

185,9 

IV  ' 

— 

900 

117,1  . 

3  B  CpCAlieM  III  KOAbUO 

259 

810 

238 

^To  we  MBcnocbeMiibix  Koneu,  tu 

1 

I 

48,5 

40,1 

II 

— 

49,3 

28,0 

III 

_  1 

29  fi 

30,6 

IV 

— 

45 

36,2 

S  B  CpCAHCM  Ha  KOAbltO 

.  .  1 

43.1 

33.7 

7H3HOC  KOMnpecciioHHUx  Koneu  no  yae- 

JIHBCHHIO  3a30pa,  MM 

I 

—  j 

0.20 

0,15 

<I 

0,875 

0,25 

III 

— 

1,075 

0,08 

IV 

-  ■ 

1,020 

0,12 

B  B  cpcAHCM  Ha  Konbito 

.  0.145 

0,792 

'  0,15 

8  To  we  MacnocbeMHUx  Koaeu,  mm 

1 

— 

0,30 

0.13 

II 

— 

0,25 

0,10 

III 

— 

0,20 

0,13 

,  IV 

— 

0,25 

0,10 

9  8  cpeAHeM  Ha  xonbuo 

— 

0,25 

0,12 

9  Hshoc  KOMnpecHOHHUx  KOAeu  no  piAM- 
aAhaoA  TOAiuHHe,  wk 

1 

50 

45 

II 

— 

170 

47 

III 

— 

160 

29 

IV 

— 

140 

19 

9  B  CpCANfM  Ht  KOAbUO 

— 

130 

,37 

1  0  To  we  Mac/iocbCMHbix  Koneu,  mk 

40 

24 

II 

— 

30 

31 

III 

_ 

20 

15 

IV 

— 

20 

.  15 

5  B  CpCAHCM  Ha  KOAbllO 

— 

28 

28 

^  I  I13HOC  KoMnpeccHOHHUx  KOAeu  no  bu- 

cote,  Mf( 

1 

_  1 

18 

29 

II 

5 

7 

III 

2 

6 

IV 

!0 

5 

9  B  CpCAHCM  lia  KOAbUO 

— 

8 

12 

I  2  To  we  MBCAOCbCMHUX  KOACU.  MK 

1 

1 

S 

II 

o 

3 

l>l 

_ 

2 

7 

IV 

— 

3 

5 

9  B  CpCANCM  Hi  KOAbUO 

— 

2 

4 

1  1  CoeAHKli  N3HOC  rHAb3  UHAHMAP#.  MK 

34 

'40 

22 

1)  Index;  2)  oil  based  on  mazut  deasphaltizate  containing  10? 
and  CB-3;  3)  oil  based  on  petroleum-asphalt  deaspha] tizate  contalr;- 
ing  10<  A3HHH-7  and  CB-3;  compression-ring  wear,  from  weight 
loss,  mg;  5)  average  per  ring;  6)  the  same  for  oil  rings,  mg;  7) 
compression-ring  wear,  from  increase  in  gap,  mm;  8)  the  same  for 
oil  rings,  mm;  9)  compression-ring  wear,  from  radial  thickness,  ; 
10)  the  same  for  oil  rings,  .iS';  11)  compression-ring  wear’,  from 
height,  'cn;  12)  the  same  for  oil  rings,  on;  13)  average  cylinder- 
sleeve  wear,  pm. 
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TABLE  86 

Wear  for  Crankshaft-rod  Components 


noKaaiiTejiH 

1 

A-n-p3% 

UMATHM.339 

2 

Macao  na  6a3e 
Aeac(jiaafaTH.iaTa 
ryapi  na  c  lOx 
A3HHH-7  H 
CIi-3 

1 

Macao  na  Case 
Acacij)aai>THaaTa 
Maayra  c  10% 
AiHMH'?  H 

CB-3 

A 

5  ll'iiioc  urrK  Ko.iciiMHToro  Ba<ia,  mk 

6  luaTyiiHiiix 

"  i 

1 

0 

7  KOpCIlMUX 

0  1 

2,r* 

8  1 1  (HOC  BTy;iKH  acpxiiCH  ro;ioBKH  uiary- 
iia,  MK  I 

.(  ; 

s 

9  llijioc  BK;ia;iiJuicri  iiiaTyiiiihix  noAUiHn- 

iihkob  no  noTppc  ucca.  Me 

10  na  OAHH  acpxiiHH 

1 

1 

4-1  1 

1 

1 

1  lf>7,0 

f.2,2 

1  1  lia  OHHH  HM>KiniM 

l'2 

I  HO, 9 

32,7 

12  It'UIOC  BK.la.'lNlUCil  KOpCHHhIX  HOiliUHn-  1 

ijHKoa  no  noTcpc  Hcca.  Me 

1  0  0;iKH  BepXHMH 

j 

44 

41,0 

27  2 

X  1  na  c.iHi'  MiDKiiiiii 

1% 

34,0 

1 1  Maiioc  nopuiMCH  (mk)  no  iiaMeiieHiiio 

1  ^  napyiKHoro  anaMcTpa 

4 

10,7 

7 

1  0  AHaMerpa  b  riofiNiiiKax 

9 

; » 

1 

16  II  (HOC  nopujiicBoro  iiaAbua,  mk 

2 

i.r> 

8 

1)  Index;  2)  jj-ll  +  3^  UHATHM-339;  3)  oil  based  on  petroleum-asijl-ialt 
deasphaltlzate  containing  1055  AaHMH-7  and  C&-3;  ^0  oil  based  on 
mazut  deasphaltlzate  containing  10$  AnHHH-7  and  rB-3;  5)  wear  for 
crankshaft  necks,  um;  6)  rod;  7)  crank;  8)  wear  for  upper  rod  bush¬ 
ing,  ym;  9)  wear  for  rod-bearing  bushings,  from  weight  loss,  mg; 

10)  for  one  upper  bushing;  11)  for  one  lower  bushing;  12)  wear 
for  crank-bearing  bushings,  from  weight  loss,  mg;  13)  piston  wear 
(urn),  from  change  in;  14)  outer  diameter;  15)  diameter  at  bosses; 

16)  piston-pin  wear,  ym. 
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TABLE  87 


Ring  Mol^lllty  and  Tar  Formation 


CoCToMHMe  jirrajicM  nociie  600  h 
paOoTU  ABHrlTCJI* 

1 

A-ll+3% 

UMAThM-439 

1 

MacAo  Ha  Oaae 
Aeac(^aabTH^aTa 
ryapoHa  c  10% 
AaHMd-?  H 
CB.3 

1 

Macao  iia  Oaae 
AeacitiaabTHaaTa 
HaayTa  c  10% 
AsHMlt-?  H 
CB.3 

% 

srioABMmiKKTb  nopumeBux  koacu 

6  rBoOOAIIMB 

16 

27 

•2<) 

7  tiiiepTMUo 

14 

2 

2 

S  aautBMAeHHiiie 

1 

0 

1 

0 

9  noiioMiiiHHc 

1 

0>MaKOBo«  nbKpMTiip  iia  loOKax  nopui- 
Mea.  % 

1 1  Mepiioro  iiocTB 

.15-70 

50 

.10 

1  2  TCMiio-KapHMiii'noc 

— 

5 

20 

1  1  CBCT;lo-Kopii<iiieBoe 

— 

5 

8 

K)KeHKa  micTOTu  iioacpxtiocTH  io6kii 
nopuiHB  no  cTBHAapTy  334-T 

6.5-7 

4,7 

1)  Condition  of  components  after  engine  operation  for  600  h;  2) 
jl-11  +  UMATMM-339;  3)  oil  based  on  petroleum-asphalt  deasphal- 
tizate  containing  10%  AsHMU-T  and  C5-3;  4)  oil  based  on  mazut  de- 
asphaltizate  containing  10J5  AsHMM-?  and  CB-3;  5)  piston-ring  mobil¬ 
ity;  6)  free;  7)  inert;  8)  pinched;  9)  br'^’^en;  10)  tar  coating  on 
piston  skirts,  Jt ;  11)  black;  12)  dark  brown;  13)  light  brown;  1^) 
evaluation  of  piston-skirt  cleanness  by  33^-T  standard. 

TABLE  88 


Deposits  and  Oil  Consumption 


lloKBaaTcaM 

1 

A-ll  +  3% 
UMATHM.339 

2 

Macao  iia  Caac 
AcactpaakTHaara 
ryapoHa  c  10% 
A3HHH.7  H 
CB.3 

1 

Macac  h8  6a.tc 
Aeac(t>aabTM.aaT4 

1  MJayra  c  10% 
AaHMH.y  (1 

k 

^  1 
SOtlOWeHHfl  H<)  tpH4bTpyl0mKX  SJIOfCH* 

T.1X  omhctkh  Macaa  b  cptAHcai  aa 
tiO-Hacoaoi)  uHKa,  a 

384 

400 

526 

4  P.1CXOA  Miicaa  hs  vrap  b  cpcAHCM  aa 

.5.290 

OO-laCOBOft  UMKA,  Kt 

8 

4.120 

7  To  we  B  %  K  pacxuAy  TonaHsa 

o.yo 

O,") 

0,6 

8  liarapooOpa^oBaNHC,  2 

4.86 

9  '<a  noouiHCBUX  xoabiiax  j 

2.83 

1.72 

Ida  Ha<<a8t.’ax  nopuiKB 

3,42 

4,22 

6.61 

}  1  fkcro  Harapa,  ^ 

C.?5 

5,94 

11,47 

<1  2  OTabwcKKB  c  npoAyaoHMUX  okoh  CMaha  i 

UHAHHAPOB,  2  j 

1  J  He  oue- 

HtMO 

18.10 

30.2 

I)  Index;  2)  U-11  +  3)f  UHATHM-339;  3)  oil  based  oii  petroien,'' -asphn M. 
deasphaltizate  containing  lOX  A3HMM-7  and  CB-3;  ^0  oil  based  on 
iuasut  deasphaltlzate  containing  10<  A3HMH-7  and  CB-3;  5)  deposits 

on  oil-filter  elements,  average  for  60-h  cycle,  g;  6)  oil  burnt, 
average  for  60-h  cycle,  kg;  7)  the  same,  %  of  fuel  consuiript  1  rn ; 

3)  carbon  deposition,  g;  9)  on  piston  rings;  10)  on  piston  grr  v.,-; 

II)  total  carbon  deposits,  g;  12)  deposits  in  cyllnder-oleev 
haust  ports.,  g;  13)  not  determined. 
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Tables  85  and  86  prr.nent  data  characterizing  engine-component 
wear  during  operation  with  the  test  oils  in  long-term  tests.  As  can 
be  seen,  almost  all  the  wear  Indices  for  the  specimen  produced  by 
deasphaltization  of  petroleum  asphalt  were  substantially  poorer. 
Engine-component  wear  for  the  oil  produced  by  deasphaltization  of 
mazut  was  similar  to  that  for  H-11  containing  3$  UHATMM-339  addi¬ 
tive. 

The  character  and  amount  of  the  carbon  and  tar  deposits  on  the 
engine  components  and  the  state  of  the  piston  rings  were  evaluated 
by  visual  inspection  and  weighing.  Tables  87  and  88  present  data  on 
piston-ring  mobility,  deposits  on  piston  components,  and  oil  physl- 
cotechnlcal  characteristics. 

TABLE  90 

Change  in  Pnyslcochemical  Proport Ito  oi  Diesel  Oil 
Obtained  by  Deasphaltization  of  Petrole.rTi  Asphalt, 
with  10/8  AaHMH-7  and  CB-3  Additives  (in  ratio  of 
1:2) 


1 

BpcMil  OT6opa 

^KiiHeMaTMiecKaii 
BaaKOCTb  (cent)  iipH 

3oai>- 

Mex.iHH- 

McrKHt^ 

KitC.IOT- 
HOC  MHC- 

Kokc,  % 

6 

%  HC- 

crop.ic- 

npo<S 

? 

50  C 

100"  c 

HOCb, 

• 

npMMeCH, 

% 

* 

JIO.  Ml 

KOll 

5 

HM.X 

laCTHU 

r 

20  muh6 

02,87 

13,43 

0,80 

0,0 1'J 

0,09 

Lu.") 

0,01.. 

Id  H  9 

92,51 

13,31 

0.71 

0.013 

O.IS 

1.21 

0,009 

20  H 

03.9  [ 

13.42 

0.74 

0,01,5 

0,21 

1,15 

0,(X)8 

10  H 

97.52 

13,47 

0,74 

0,019 

0,10 

l,.52 

0,012 

40  H 

94,61 

13.59 

0.76 

0,022 

0,13 

1,86 

0,012 

50  H 

95.11 

13.79 

0,76 

0,023 

0,18 

1,09 

0,012 

60  H 

HsMCHCHHe  no- 

98,09 

14.72 

0,79 

0,045 

0,28 

1,72 

0.014 

M3«Te;ia 

-1-5.22 

-1-1.27 

-0,01 

+  0,020 

+  0,19 

+0.6-' 

-0,002 

1)  Sampling  time;  2)  kinematic  viscosity  (cSt)  .ri,;  3)  as;*,  Z;  -Iv 
mechanical  impurities,  %;  5)  acid  number,  mg  KOH ;  6)  tar^;,  7) 
%  unconsumed  particles;  8)  min;  9)  h;  10)  change  in  Index. 


It  can  be  seen  from  the  c,','-!  in  these  lablt-s  that  the  porrest 
results  were  obtained  when  the  engine  was  lun  wltli  the  masuc  le- 
dsphaltlzate .  The  piston-skirt  cleanneps,  was  ver;,  low  (about  a 
points),  although  it  was  one  point  higher  than  tir-*  -aiTespoiidIng 
index  for  jl-11  oil  containing  358  UMATMM-339  a'^-'luve. 

Tables  89-91  present  the  results  of  an  analysis  of  oil  samples 
taken  during  engine  operation. 

The  changes  in  the  physicochemical  proport,!'*.'  >.  f  ihc  oil.; 
were  about  the  same  in  both  cases.  The  only  dlff'  nonce  was.  tfiat, 
the  tar  content  of  the  mazut  deasphaltlzate  Incia  a.;od  ..onewhat. 
more  rapidly. 

Analysis  of  the  results  of  long-term  st.and  tests,  on  is 
produced  by  deasphaltization  of  mazut  and  petroleum  asrh  tli  •:i.- 
ables  us  to  draw  the  following  conclusion;'. 
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TABLE  90 


Change  in  Physlcochemlc«,l  Properties  of  Diesel  Oil 
Based  on  Mazut  Deasphaltlzate,  with  lOH  AoHMM-?  and 
C5-3  Additives  (in  ratio  of  1:?) 


1 

oTdopa  npo6 

2  KiiiicMaTHMeCKaii 
B(i.iKOCTi>  (am)  iipM 

50’ C  100’ C 

3ojib- 

HOCTb,  % 

• 

Mcxaim- 

MeCKMC 

.ipiiMeni, 

4  ^  1 

Kmcjiot- 

HOC  MHC- 
JIO,  J'2 

1  KOH 

'9 

f 

1 

6 

Ko«c,  % 

20  MUH  7 

96, « 

M,0t> 

O.'fi 

•  0,010 

Cjicakt 

1.2,3 

10  ■<  a 

101,63 

H,33 

0,75  1 

0.01 1 

1.51 

20  H 

99,92 

14,45 

0,70 

0,015 

1,8 

:v.  H 

100 

14,77 

0,78 

0,0 1 0 

2,22 

40  1 

102,16  1 

14,87 

0,78 

0,023 

2,27 

5C*  H 

107,1 

14,93 

0.7P 

0,050 

(t 

2,4.3 

6C  1 

IC2,3I 

11,05 

0,78 

0,0.33 

0,13 

2..5I 

VMJiNiCHMe  noKfuaTrjiH  9 

+3,51 

+0,83 

+0,02 

+0,023 

0,13 

+  1,28 

1)  Sampling  time;  2)  kinematic  viscosity  (cSt)  at;  3)  ash,  ?; 

^1)  mechanical  Impurities,  %;  5)  acid  number,  mg  KOH;  6)  tars,  %; 
7)  min;  8)  h;  9)  Increase  In  index;  10)  traces. 

TABLE  91 


Change  In  Physicochemical  Properties  of  ;i-ll  Diesel 
Oil  Containing  3%  UWATMM-339  Additive 


t 

1 

Bpena  orOopj  np.'6 

lecvaf  aaa* 
HOCTb,  npM 

100“  C.  am 

» 

SoBbHOCTb, 

MexstiMMe- 
CKHC  I'pHUe- 
CH,  > 

■S 

Khcjiothoc 
qHCJIO,  Mi 

KOH 

6 

Kokc, 

20  7 

li.4l 

0.307 

0.03 

0,0.55 

0,880 

10  «  8 

11,50 

0.152 

0,024 

n.M2 

O.6H0 

20  « 

II..58 

0,167 

0,028 

0,185 

0,79.5 

30  H 

11,86 

0.172 

0.0^3 

0,230 

1.200 

40  » 

12,29 

0.182 

9,062 

0.31'' 

1.410 

50  i 

12.85 

0.192 

0.303 

i,':0n 

60  i 

12.83 

0,221 

0,037 

0,.+0 

l.t)^0 

HjMCHCNHC  noKBMK 

+  1,42 

-0,083 

+  0,225 

+  0,800 

1)  Sampling  time;  2)  kinematic  viscosity  at  1C0°C,  cSt;  3)  ash, 
mechanical  Impurities,  t;  5)  acid  numter,  mg  KOIi;  6)  tars,  %\ 
7)  min;  8)  h;  9)  change  in  index. 


1.  Engine -compon*-'  wear  Is  usually  substantially  greater  for 
the  oil  produced  by  deasphaltlzat vOn  of  petroleum  asphalt. 

2.  Piston-ring  mobility  Is  about  the  same  in  both 

3.  Plston-'’-klrt  cleanness  is  also  roughly  the  same  In  both 
case.s  (^.5-5.5  points). 

4.  Carbon  deposition  Is  substantially  greater  for  the  oil 
based  on  mazut  deasphaltlzate. 

The  change  In  oil  physicochemical  properties  during  englne 
operatlcr  and  tne  economic  Indlce.-.  of  the  engine  are  almost  Iden¬ 
tical  In  both  cases. 
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Thus,  while  the  oil  obtained  by  deasphaltization  of  petroleum 
asphalt  yields  unsatisfactory  results  with  respect  to  engine-com¬ 
ponent  wear,  the  results  of  the  tests  on  the  mazut-deasphaltlzate 
oil  are  very  unsatisfactory  with  respect  to  carbon  deposition. 

Testing  of  Highly  Refined  (250K  furfurol)  Diesel  Oil  from  Pros¬ 
pective  Mixture  of  Baku  Crude  Oils  Containing  6%  5()>K  Additive  In 
k;1M-46  Engine 

These  tests  were  comparitlve  in  nature:  the  engine  character¬ 
istics  of  the  test  oil  were  compared  with  those  of  oil  containing 
3$  UHATMM-399  additive  produced  by  the  Novo-Ufa  Plant,  which  were 
determined  by  tests  in  the  same  engine  at  the  VNII  NP.  The  purpose 
of  the  tests  was  to  establish  the  feasibility  of  using  selectively 
refined  diesel  oil  from  Baklnskoye  crude  oils  containing  6%  BOK-l 
additive  in  KHM-*<6  engines  operating  on  GOST  305-^12  diesel  fuel 
containing  1%  sulfur. 


TABLE  92 


Physicochemical  Indices  of  Gils  Tested 


nOKa^TCJIH  j 

[  Macjio  Hy3 

1  2 

BaKHHCKOe 

1  HiCAO 

HBflsKocrb  KiiHeMaTM<iecKaH,  cct  npK  50° C 

63.4 

77,65 

I00“C 

tt.l 

11,58 

5  OTHOuieiitie  an  iKocTefi  50":10U® 

5.72 

7,02 

1  5  OTC. 

6  KiicjioTHoe  ‘.HCflo,  M/  KOH 

1  5  OTC. 

7  So;ibHOCTb.  % 

0,25 

0,64 

9  KoKCyCMOCTb.  % 

16  0.74 

0,98 

9  Po;.ep)KaHHe  noAdpacTBopHMua  khc^ot  h  ute;io<ieA 

meAoaHaa  peaauHa 

1  5  Otc. 

t  0  (  OAbpMCahHC  MCXaHH<(eCKHX  npHMCCeft,  % 

1 1  CoAepwaHHC  boau,  % 

0,009 

0,029 

1  5  OTC, 

1  5  Otc. 

t  2  AloniuMe  csoAcTsa  no  Mrroay  {138,  daAJiu 

1 

0,9 

1 1  KjpposNR  no  MCToAy  HAMM, 

i  %  HenuraHNa  hi  4  uiapHKOBoA  nauiHHe  tfn 

P» 

Pm 

G,  1 

i 

i 

1 

0,55 

83 

22200 

14300 

1.'  Index;  2)  Hy3  oil;  3)  Baklnskoye  oil;  4)  kinematic  viscosity, 
cSt  at;  5)  viscosity  ratio,  50°:100°;  6)  acid  number,  rng  KOH;  7) 
asii,  $;  8)  tars,  $;  9)  content  of  water-soluble  acid;-,  and  alkalies; 
10)  mechanical  impurities,  %;  11)  water  content,  12)  detergent 
properties  by  PZV  method,  points;  13)  corrosion  by  NAMI  method, 
g/m^ ;  14)  tests  in  four-ball  machine;  lb)  none;  l6)  alkaline  reac¬ 
tion. 


Table  92  shows  the  physicochemical  lndlc>  .  of  the  ull;-. . 

The  tests  weJ*e  conducted  by  the  usual  nethod  anvi  consisted 
in  running  the  Kjaf<»-46  engine  for  2000  h.  The  water  and  oil  tempera¬ 
tures  were  held  at  8o  +  3°C  and  75  3®C  r-.^pectlvelv  In  t!ie  load¬ 
ed  regimes.  ~ 

In  order  to  monitor  engine  operation,  theimiocour los  wei’o  In¬ 
stalled  In  the  exhaust  header  In  order  to  measur’c  the  te;:!n>'T>at  are 
of  the  exhaust  gases  from  the  cylinders.  Tlu-  tests  weia-  o  irrled  out 
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In  10-h  stages  under  the  foi lowing  regimes: 


'}6Imuh  1 

2  MamHocTb,  A.  c. 

^  npOAOXMHTCillkHOCTb 

lOOfl 

90 

1  <(6 

1000 

<?0 

7  4  7 

1000 

•  MnKC. 

1  H  45  MUH 

600 

%  XoAOCTOi’l  XO.l 

IS  MUH 

1)  r/min;  2)  power,  hp;  3)  maximum;  idle;  5) 
duration;  6)  h;  7)  min. 

Technical  servicing  of  the  engine  during  the  test  period  was 
conducted  In  accordance  with  the  manufacturer's  instructions.  Oil 
sampling,  mlcrometrlc  measurement  of  components,  and  other  observa¬ 
tions  were  carried  out  in  accord  .nee  with  established  test  proce¬ 
dures  . 

The  engine  operated  normally  throughout  the  entire  test  per¬ 
iod.  The  fuel  system  also  functioned  normally:  the  injectors  did 
not  have  to  be  replaced. 

Increased  oil  burning  was  observed  from  the  8th  cycle  on, 
apparently  as  a  result  of  loss  of  mobility  in  the  upper  oil  rings. 

The  engine  power  and  economy  indices  remained  unch?.nged  dur¬ 
ing  the  tests:  the  maximum  power  was  95  hp,  the  per-hour  fuel  con¬ 
sumption  was  18.9  kg,  and  the  specific  fuel  consumption  was  199  g 
per  hp  per  h. 


TABLE  93 


Cylinder-Sleeve  Wear  for  Oil  Containing  3?  I4MATHM- 
33S  Additive  Produced  by  Novo-Ufa  Plant,  y 


noicu  R  pACCtODRHe 
MS  QT  MpU  rHJb3,  MM 

1  2  M  UNMNHApa 

1 

CpCAHHfl 

M3HaC 

1 

2 

3 

4 

1  -30 

86 

10 

4 

29 

1 

32 

U  -150 

10 

8 

0 

8 

7 

3  aao 

-12 

-14 

-20 

■35 

-20 

1)  Bands  and  distance  from  top  of  cylinder,  mm;  2) 
cylinder  No.;  3)  average  wear. 

TABLE  9^ 


Cylinder-Sleeve  Wear  for  Baklnskoye  Oil  Containing 
Sf  6eK  Additive,  y 


neKH  N^piKClOSMM 

Rf  or  Rc^  rRjbi. 

MM 

1  2  M  UMRRJipa 

CpClHHi 

M.IMOC 

1 

2 

i 

.3 

4 

1  -22 

27.0 

25.0 

1  13.0 

25 

ltV9 

2-3.5 

30.0 

5.0 

1  17.5 

.10 

20,  i 

.3-50 

22..5  1 

7.5 

i  15.0 

40 

21.2 

4-100 

.  22.5  I 

15.0 

7.5 

23 

17.0 

.5  -190 

20,0  1 

17.5 

17.5  ^ 

20 

15.7 

1)  Bands  and  distance  from  top  of  cylinder,  mm;  2) 
cylinder  .Mo.;  3)  average  wear. 
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TABLE  95 


Average  Increase  In  Ring  Gap,  mm 


1 

2 

.  3 

Koi/ibtia 

Mac.io  H.V3 

BtKHIICKOC  Macao 

I 

'•  OiHMaiio 

0.40 

II 

*♦  CaoMAiio 

0.40 

III 

0,3!) 

IV 

1,2R 

0,.V) 

•  •  V 

— 

0,30 

1)  Ring;  2)  HYS  oil;  3)  Bakinskoye  oil;  ^1)  broken. 

TABLE  96  ■ 

Average  Ring  Wear,  from  V/eight,  Loss,  g 


1 

2 

3 

Ko.ibua 

Macao  HVS 

BaKMHCKOc  Macao 

1 

3,035 

0,3300 

ir 

1,944 

0.4043 

III 

1,279 

0,2345 

IV  ■ 

1,174 

0,2734 

V 

— 

0,4940 

1)  Ring;  2)  HYS  oil;  3)  Bakinskoye  oil. 


The  data  in  Tables  93  and  9^  characterize  the  cylinder-sleeve 

wear. 

As  can  be  seen  from  the  data  given  in  these  tables,  the  aver¬ 
age  cylinder  wear  in  the  maximum-wear  zones  was  substantially  less 
for  Bakinskoye  oil  containing  5<I>K  additive  than  for  Novo-Ufa 
oil  containing  UMATMM-339  additive. 

Tables  95>  96,  and  97  show  the  indices  of  piston-ring  wear. 

It  can  be  seen  from  the  data  in  Tables  95-97  that  all  ring- 
wear  indices  were  far  lower  for  Bakinskoye  oil  containing  5<J>K 
additive  than  for  Eastern  oil  containing  UHATMM-339  additive. 


1)  Ring;  2)  from  thickness;  3)  HYS  oil;  Bakin¬ 
skoye  oil;  5)  from  height. 
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TABLE  98 

Wear  for  Rod  Necks  and  Bearings 


1 

3 

3 

nOKaUTCJIH 

M.1CJIO  Hy3 

Bikhiickoc  MICXO 

'•CpCAMHA  H3IIOC  UiaTyilMUX  UCCK.  MK 

3t 

3,1 

^Hsuoc  aiuiaAuaicri  no  TOAimnic,  mk 

i5,ri 

0.0 

1)  Index;  2)  HYS  oil;  3)  Bakinskoye  oil;  4)  aver¬ 
age  rod-neck  wear,  ym;  5)  bushing  wear,  from  thick' 
ness,  ym. 


TABLE  99 

Wear  for  Crank  Necks  and  Bearings 


1 

1  2 

3 

nOKaSlTCAH 

Macao  MVS 

CaKHNCKOC  Macao 

1 

CpCAiniM  II3MOC  KOPCIIIINX  tUCCK  DAJia,  MK 

14 

^,5 

s  M3110C  BKAaAUtueM  no  norcpc  B«ca,  a 

0,198 

— 

6  MsHOC  BKABAblUiefl  HO  TOAUtHIIC,  MK 

— 

1,9 

1)  Index;  2)  HYS  oil;  3)  Bakinskoye  oil;  4)  aver¬ 
age  crank-neck  wear,  ym;  5)  bushing  wear,  from 
weight  loss,  g;  6)  bushing  wear,  from  thickness, 
ym. 


TABLE  100 


Ring  Mobility 


1 

2  KOMlipcCCHOllHNC 

1  5  MilCAOfbCMIlUC 

riOXBHlICIIOCTk 

■ 

1 

jMjcao  Hy3 

BaKHUCKoe 

4  Macao 

Macao  Hy3 
3 

EaKMHCKoe 
^  Macao 

6  CboOoaiiuc 

1 

9 

4- 

4 

7  riAOTHUe,  ,  ! 

— 

3 

8  npiiaBaMeiiiiue 

11 

—  ' 

9  S^KaTIHMUC 

i 

4 

1 

1)  Mobility;  2)  compression;  3)  HY3  oil;  4)  Bakin¬ 
skoye  oil;  5)  oil;  6)  free;  7)  tight;  8)  frozen; 

9)  rolled. 


Table  98  shows  the  wear  indices  for  the  rod  necks  and  rod¬ 
bearing  bushings,  while  Table  99  shows  those  for  the  crank  necks 
and  crank-bearing  bushings. 

As  can  be  seen  from  the  data  in  these  tables,  the  wearing 
of  both  the  necks  and  bearing  bushings  was  substantially  lower 
for  the  Bakinskoye  oil  containing  B4>K  additive. 

Carbon  deposition  on  the  pistons  and  rings  averaged  30.77  g 
for  the  Novo-Ufa  oil  containing  3?  UMATHM-399  and  2.33  g  for  the 
Bakinskoye  oil  (this  does  not  include  the  deposits  on  the  oil 
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rings  and  grooves) . 


0^4-^  Table  100  characterize  the  piston-ring  mobility 

n  emphasized  that  the  engine  used  with 

i^^Shly  refined)  oil  containing  6%  B<l>K  additive  had  a  piston 
with  two  oil  rings,  while  the  engine  used  for  the  Eastern  oil  had 
only  one  oil  ring. 

TABLE  101 


Oil  Consumption  and  Burning  for  j[l-ll  Oil  Contain¬ 
ing  6%  B'J>K  Additive 


1 

Ns  uMKxa 

Pacxo.i  sa  uhkx 

(120  ■(),  Kt 

3 

C;iMTO  B  KOMUC 

UHK^ia  C  yMCTOM 
nport,  Ki 

h 

Vrap  wac.ia  aa  uhk;i, 

K2 

1 

•  37.2 

21,0 

1 5.0 

2 

32.4 

21.3 

1  l.l 

3 

38.A 

20.5 

12.1 

•  4 

35,9 

20.7 

15  2 

f) 

47.5 

22.3 

2.5:2 

6 

4.5.1 

19,7 

25.4 

7 

4H.2 

19,9 

2,8,1 

A 

04.8 

10.8 

48,0 

9 

59.5 

20.7 

28.25 

10 

03.5 

20,0 

43,5 

It 

09.1 

19.5 

49,() 

12 

.59.2 

10,5 

.39.75 

13 

09.8 

20,4 

49,4 

.  14 

01.7 

18,7 

43,05 

15 

fi.5.3 

IU.8 

08.55 

1  .1 

08,8 

■  18,7 

50,1 

s  B  CpCAlieM  3.1  IIMKJI 

.55,44 

,34,5 

1)  Cycle  No. 

;  2)  oil  consumption  over 

cycle  (120  h 

kg;  3)  oil  drained  at  end  of  cycle,  including  sam¬ 
ples,  kg;  il)  oil  burnt  during  cycle,  kg;  5)  average 
per  cycle. 


TABLE  102 


Oil  Consumption  and  Burning  for  HVl  Oil  Containing 
3%  UMATMM-339  Additive 


1 

.  M.  iiiiKaa 

Pacxoa  Macaa  sa  uhkx 

(120  >/),  Ki 

- - 3 

CaHTO  M.1Ca.1  K  KOMUC 
UHKaa,  Ki 

4 

yrap  Mac.1.1  .ia  utiKa 

A'.’ 

1 

'  23.4 

1 8. 1 

!  .5,3 

2 

28.7 

1 8,0 

10,7 

3 

28.3 

I8,l 

10,5 

4 

28,2 

I8,C 

9,0 

5 

30.1 

1 8,4 

12,0 

.  e 

20.7 

1 7.9 

8,8 

7 

2.5,1 

1 7,0 

7,0 

8 

,  20,5 

1 4.7 

11,8 

9 

■  28.7 

I. 5.9 

12,8 

10 

28.5  • 

1 8.2 

10,3 

II 

18.9 

1 8.3 

10,0 

12 

28.5 

1 8.8 

9,7 

13 

28..3 

1 7.0 

11,3 

14 

23.9 

18.I 

.5,8 

15 

29.5 

1 7.7 

11,7 

10- 

31,4 

1 6.5 

1  1,9 

B  cpejHeif  33  UHKX 

27,9 

• 

10,2 

1)  Cycle  No.;  2)  oil  consumption  during  cycle  (120  h),  kg;  3)  oil 
drained  at  end  of  cycle,  kg;  oil  burnt  during  cycle,  kg;  5)  aver 
age  per  cycle. 


I8l  - 


We  have  introducea  uerin  "rolled  ring"  in  connection  with 
the  fact  that  the  loss  of  mobility  for  all  the  top  oil  rings  dur¬ 
ing  use  of  Baklnskoye  oil  containing  B«t»K  additive  was  due  to  cover¬ 
ing  of  these  rings  with  the  piston  metal.  This  phenomenon  cannot 
have  been  associated  with  operation  of  the  engine  with  the  test 
oil,  but  resulted  from  unsatisfactory  machining  of  the  pistons. 
Confirmation  is  provided  by  the  fact  that  the  piston-skirt  dia¬ 
meter  increased  by  the  following  average  amounts  (in  the  planes 
of  maximum  increment)  over  2000  h  of  operation:  1^3  um  for  piston 
I,  1^0  ym  for  piston  II,  1^13  ym  for  piston  III,  and  143  ym  for  pis¬ 
ton  IV.  Thus,  the  expansion  slits  in  the  piston  skirts  were  halved 
in  size,  which  could  not  help  but  lead  to  extreme  tightness  of  the 
pistons  in  the  sleeves  and  to  large  frictional  forces,  which  caused 
rolling  of  metal  onto  the  oil-ring  grooves. 


Secondly,  examination  of  the  pistons  showed  that  the  bevel  of 
0.5  ^  45®  that  should  have  been  made  in  the  lower  edge  of  the  upper 
oil-ring  groove,  in  accordance  with  the  blueprints,  was  actually 
lacking,  which  also  promoted  metal  buildup. 


TABLE  103 


Average  Data  on  Oil  Consumption  and  Burning 


1 

noKasaie^H 


Macao  Hy3 


BaKHHCKOe 

Macao 


Macao  Hy3 


- y - 

r>aKHiiCKoe 

Macao 


4ii  cpeAHCM  aa  miKa,  Ke 
^  %  K  pacxoAy  TonaHBa 


27,8 

i,54 


55,4 

2,93 


10,2 

0,53 


34,4 

1,82 


1)  Index;  2)  Hy3  oil;  3)  Baklnskoye  oil;  4) 
average  per  cycle,  kg;  5)  %  of  fuel  consumption. 


TABLE  104 

Change  in  Engine  Power  and  Economy  Indices 


1 

noKasaieaH 

\  2  Macao  Hy3 

1  i  BaKHKCKOc  Macao 

3 

AO  HCnUT. 

4 

nocjie  ifcnuT. 

3 

AO  HCnUT. 

4 

n>  c;ic  HCIIHT. 

6  MaKCHMaabiiax  MoiUHOCTb 

94 

1  94 

95 

95 

/  HacoBOH  pacxoA,  Ke/n 

19.0 

19.0 

19,0 

19.0 

B  VAeAbMUM  paCXOA  ,'l3.A.C.1. 

202 

1  1 

202 

200 

200 

1)  Index;  2)  HVa  oil;  3)  before  test;  4)  after 
test;  5)  Baklnskoye  oil;  6)  maximum  power;  7) 
hourly  fuel  consumption,  kg/h;  8)  specific  fuel 
consumption,  g  per  effective  hp  per  h. 


As  can  be  seen  from  Tables  101-103,  oil  consumption  and 
burning  were  substantially  greater  for  the  /l-ll  oil  containing 
6%  50K,  which  resulted  from  the  loss  of  upper  oil-ring  mobility 
caused  by  rolling. 

Table  104  presents  data  on  the  change  in  engine  power  and 
economy  indices  during  the  tests.  As  can  be  seen,  these  indices 
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TABLE  105 


Change  in  Physicochemical  Properties  of  Oil  from 
Novo-Ufa  Plant 


1 

riepHOx  paCoTu 

2 

BaaKOCTb 
KHIICMaTH- 
vecKaH  npii 
50“  C,  ecm 

3 

Kkcjiotmoc 
NNCao,  Me 
KOH 

1) 

KoKcve* 
MOCIb,  X 

S- 

SoabllOCTb, 

% 

^CaMKce  Mac.io 

63,4 

ilican'tiioc 

0,74 

0.25 

7Mepe3  20  MUM  8 

64.2, 

(1,11 

0,7". 

0,17 

30>«  9 

66,2 

0.48 

0.70 

0,10 

60  •< 

68,0 

n.,'')2 

0,70 

0,04 

120  « 

09,7. 

0.60  ! 

0,01 

0.05 

0  HsMCticiiiic  3a  uiiKJi 

+  6.3 

+  0.64) 

+  0.17 

-0.20 

1)  Operating  time;  2)  kinematic  viscosity  at  50°C,  cSt;  3)  acid 
nuiiber,  mg  KOH;  4)  tars,  5)  ash,  %;  6)  fresh  oil;  7)  after; 
8)  min;  9)  h;  10)  change  over  cycle;  11)  alkaline. 


remained  almost  constant  in  both  cases. 

Table  105  shows  the  change  in  the  physicochemical  indices  of 
the  Novo-Ufa  oil  containing  3?  UMATHM-339  additive  during  engine 
operation,  while  Table  106  shows  that  for  the  fl-11  oil  containing 
656  B<J'K  additive. 

As  can  be  seen  from  the  data  in  these  tables,  the  physico¬ 
chemical  indices  underwent  a  smaller  change  for  the  /l-ll  oil  con¬ 
taining  6%  5'I>K  additive.  Specifically,  while  the  ash  content  of 
the  Novo-Ufa  oil  containing  UHATMM-339  additive  was  greatly  reduced 
or  almost  zero  after  30  h  of  engine  operation,  that  of  the  Bakin- 
skoye  oil  remained  constant  to  the  end  of  the  cycle. 

Comparative  tests  in  a  engine  thus  established  the 

following  facts. 

TABLE  106 


Change  in  Physicochemical  Indices  of  Bakinskoye  Oil 


1 

ricpHOA  paOOTU 

2 

l)fl3KOClI. 
KinicMaTK' 
•icCKaa  iipii 
50- C,  fcm 

3 

KHc^ioTiioe 
Mwc;!0,  Me 
KOII 

4 

KoKCyc- 

MOCTb,  % 

5 

3o3bllOCTIi, 

CnejKCc  Mac.’io 

’77,65 

'  ^Otcvt.  . 

0,98 

0.64 

Mfpea  20  mum  8 

80,77 

0,040 

0.98 

0.675 

.30  <  9 

8,8,54 

0,126 

1,094 

0.73’i 

60  >( 

9 1, 83 

0,1.50 

1,128 

0.763 

120  H  ! 

92,21 

0,183 

1,1.50  i 

0.777 

I'bMCiieiiiic  3a  miK;i 

1  + 14..56 

+  0.183 

+  0.176 

+  0.137 

1)  Operating  period;  2)  kinematic  viscosity  at  50°C,  cSt;  3)  acid 
number,  mg  KOH;  4)  tars,  %;  5)  ash,  %;  6)  fresh  oil;  7)  after;  8) 
min;  9)  h;  10)  change  during  cycle;  11)  none. 


1.  Both  engines  opertitea  normally,  without  any  apparent  de¬ 
fects,  during  the  tests.  Increased  oil  consumption  was  observed 
after  operation  for  1000  h  with  the  4-11  oil  containing  B<t>K  addi¬ 
tive. 


2.  The  engine  power  and  economy  indices  remained  almost  un¬ 
changed. 

3.  The  wear  for  the  main  engine  components  (cylinder  sleeves, 
piston  rings,  crank  necks,  and  crank  bearing  bushings)  was  sub¬ 
stantially  for  the  4-11  oil  containing  655  B*K-1  additive  and  was 
actually  negligible. 

4.  The  amount  of  carbon  deposited  on  the  piston  components 
during  operation  with  the  oil  containing  B^K  additive  was  less 
by  a  factor  of  10  than  that  observed  during  operation  with  the 
oil  containing  UHATMM-339  additive. 

5.  The  physicochemical  properties  of  the  4-11  oil  contain¬ 
ing  6/5  B4>K  additive  changed  less  during  engine  operation. 

6.  Loss  of  upper  oil-ring  mobility  resulting  from  covering 
with  the  piston  metal  was  noted  for  the  4-11  oil  containing  6% 

B<t>K  additive;  this  was  due  to  deficiencies  in  piston  qualities. 

All  the  compression  rings  except  one  lost  their  mobility  during 
operation  with  the  Novo-Ufa  oil  containing  355  UHATHM-339  additive. 

7.  4-11  (Bakinskoye)  oil  containing  656  B<J>K  additive  can  prov¬ 
ide  normal  operation  of  the  K4M-il6  engine  on  high-sulfur  fuels. 

Investigation  of  Engine  Characteristics  of  Thickened  Automobile 
Oils 


Thickened  or  ’’all-weather"  oils  produced  by  thickening  low- 
viscosity  base  oils  with  high-molecular  polymer  additives  are  re¬ 
ceiving  ever  greater  recognition  in  modern  transport.  Such  oils, 
which  exhibit  high  viscosity  indices,  permit  easy  engine  starting 
at  low  temperatures,  reduce  losses  due  to  friction  during  urban 
winter  driving,  and  have  a  number  of  other  advantages. 

AC3-10  oil  is  produced  by  thickening  a  base  that  has  been 
refined  with  furfurol,  acid,  and  gumbrin  and  has  a  viscosity  of 
^i.5-7  cSt  at  100°C.  The  polyisobutylene  consumption  for  thicken¬ 
ing  is  0.5-156.  AC3-6  oil  is  produced  by  adding  about  1%  polyiso¬ 
butylene  to  a  light-duty  distillate  refined  with  10055  furfurol 
and  then  further  refining  the  thickened  product  with  acid  and 
gumbrin. 

Long-term  stand  tests  were  conducted  in  order  to  evaluate 
the  engine  properties  of  thickened  automobile  oils  in  comparison 
with  commercial  oils.  The  test  specimens  provided  complete  pis¬ 
ton-ring  mobility  throughout  the  test  period  in  all  cases. 

The  data  in  Table  107  characterize  carbon  deposition  on  the 
piston-ring  assemblies  and  high-quality  oil  filter,  as  well  as 
the  amount  of  oil  burnt. 
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TABLE  107 


Deposits  on  Engine  Components 


1 

OApascu 

2 

Harap  nj 
iicpuiiiax 

C  KCflb-. 
uaMti,  / 

3 

B  T.  <1.  c 

KOJICIl  KI- 
flABOK,  2 

>< 

Oraoiife- 

HHR  HI 

n>.  T.  0. 

Mac,nj,  i 

5 

Vrap 

MAcaa,  > 

tjH 

6 

yrapMjc- 
^.1,  %  K 
ivtcxoiy 

T011JIH111 

AC3-10K,  cW<i,  CIi-3 

II.O 

O.Ofi 

123.0 

.57,0 

0,4« 

AC-IOc  10%  CB-3 

10.1 

\,r>n 

110,3 

45,0 

0,37 

AC3-I0  c  5%  A3HHH-8  (AsHHH-S) 

io.a3 

2.13 

120,0 

47,0 

0,30 

AC-IO  c  3%  A3HMH-8  (AsHMH-S) 

20.8 

— 

— 

— 

— 

AC3-I0  c  5%  AiHHH-a  (CB-3) 

7.81 

2.00 

48,0 

47,0 

0.30 

AC-10  c  5%  A.1HMH-8CB-3 

8.f>5 

0,80 

57.0 

.30,5 

0,3 

AC3-6  c  10%  (<;B-3) 

12.24 

1.73 

47.0 

87,0 

0.71 

AC-G  c  10%  CD-3 

5.2 

0.30 

7G.0 

50,0 

0,45 

1)  Specimen;  2)  carbon  deposits  on  pistons  and  rings,  g;  3)  in¬ 
cluding  ring  grooves,  g;  4)  deposits  on  high-quality  oil  filter, 
g;  5)  oil  burnt,  g/h;  6)  oil  burnt,  %  of  fuel  consumption;  7) 
with. 

TABLE  10 8 


Cylinder  Wear,  ym 


1 

06pa3UM 

2  llaocKoCTi 

octr  Moaa 

ripMIlC.ICMMHli 
H3IIOC  llliaHH/1- 
pOD 

i 

napaa.ncai»Hoii 

<4 

ncpriPitaiiKy- 

aopiioO 

A(:3-I0%  c  10%  C,l.  3 

4,5 

.5,5  ' 

5,0 

AC-IOc  10%  Cb-3 

2.56 

5,2 

3,93 

AC3-I0  c  5%  A3HHH-8  (A3HHH-5) 

12.0 

13.0 

12,5 

AC-IO  c  3%  A3HHH-8  (A3HHH-5) 

—  ‘ 

5.9 

AC3-I0  c  5%  A3HMH-8  (CB-3) 

13 

12,5 

AC-IOc  5%  A3HHH-8  (CB-3) 

3.5 

3,4  • 

,\C3-6  e  10%  CB-3 

'•2 

3,5 

2,2s 

AC-6  c  10%  CB-3 

0.2 

0,6 

0,4 

1)  Specimen;  2)  crankshaft-axis  plane;  3)  parallel;  perpendicu¬ 
lar;  5)  reduced  cylinder  wear;  6)  with. 


These  data  indicate  that  the  amount  of  carbon  deposited  on 
the  rings  and  grooves  were  somewhat  greater  for  the  AC 3-10  oil 
containing  5%  A3HMH-8  additive  based  on  C5-3  additive  and  the  AC3-6 
oil  containing  lOJf  CB-3  additive  than  for  the  commercial  AC-10  and 
AC-6  oils  containing  the  same  additives. 

The  amount  of  carbon  deposited  on  the  high-quality  oil  filter 
was  roughly  the  same  for  the  thickened  and  commercial  oils  con¬ 
taining  the  same  additives. 

Oil  burning  was  of  the  same  order  (very  slight)  in  all  cases, 
except  for  the  AC3-6  oil  containing  10?  CB-3,  where  it  amounted  to 
0.71?  of  the  fuel  consumption. 

The  cleanest  piston  surfaces  were  obtained  for  the  AC3-10  and 
AC3-6  oils  containing  10?  CB-3  additive.  Roughly  the  same  results 
were  obtained  for  the  AC3-10  oil  containing  A3HHM-8  additive  based 
on  both  A3HMH-5  and  CB-3  additives,  but  these  were  pooi*er  than  for 
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the  oils  containing  CB-:5  ad  itlve.  Use  of  A3HHM-8  additive  based 
on  CB-3  additive  with  AC-10  commercial  oil  provided  substantially 
better  results  for  this  index. 

Component  Wear 

Table  103  presents  data  on  engine-cylinder  wear. 

As  can  be  seen,  the  reduced  cyllndei*  wear  for  all  the  test 
and  standard  specimens  was  of  roughly  the  same  order  (about  2-6 
ym) ,  the  only  exception  being  the  ACS- 10  oil  containing  A3HHH-8 
additive  based  on  A3HHH-5  or  CB-3  additive,  where  it  was  somewhat 
higher  (12.5  um) .  Table  109  shows  the  piston-ring  wear. 

As  can  be  seen  from  the  data  in  Table  I09,  piston-ring  wear 
for  all  the  thickened  automobile  oils  tested  was  either  close  to 
or  lower  than  that  for  the  commercial  automobile  ells  containing 
the  same  additives.  The  AC3-6  oil  containing  ].0%  CB-3  was  an  ex¬ 
ception,  producing  almost  twice  as  much  average  piston-ring  wear 
with  respect  both  to  Increase  in  ring  gap  and  to  weight  loss  as 
the  commercial  AC-6  oil  containing  1055  CB-3. 

Table  110  sliOws  the  wear  for  certain  main  engine  components. 

It  can  be  seen  from  the  data  In  this  table  that  the  thickened 
AC3-10  oil  was  equivalent  in  these  indices  to  commercial  AC-IC 
automobile  oil  (with  the  same  additives).  Greater  piston-boss  and 
upper  rod-bushing  wear  was  observed  with  the  AC3-6  oil. 

The  data  in  Table  111  characterized  tiie  average  per-cycle 
(51  h)  change  in  crankcase-oll  physicochemical  properties. 

As  can  be  seen,  the  changes  in  these  indices  were  normal  in 
all  cases. 

Wc  thus  established  the  following  facts: 

1.  AC3-10  oil  containing  1055  CB-3  additive,  5%  A3HHH-8  addi¬ 
tive  based  on  A3HHH-5  additive,  or  555  A3HHH-8  additive  based  on 
CB-3  additive  provides  normal  engine  operation  for  600  h  under 
stand  conditions;  component-surface  cleanness  and  carbon  deposi¬ 
tion  are  either  equivalent  to  or  better  than  those  obtained  for 
commercial  AC-10  automobile  oil.  AC3-6  oil  containing  1055  CB-3 
additive  cause.*}  greater  carbon  deposition  on  the  rings  and  groeve.- 
and  greater  burning  than  AC-6  oil  with  the  same  addltivo. 

2.  Piston-ring  mobility  is  maintained  throughout  the  entire 
test  per’lod  in  all  cases. 

§3.  ENGINE  CHARACTERISTICS  OF  OIL  ADDITIVES 

The  purposes  and  functions  of  the  various  types  of  additives 
used  In  oils  are  not  always  properly  evaluated.  In  the  opinion  of 
some  authors,  additives  are  of  greater  importance  for  service 
than  the  oil  Itself. 
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Prltzker  [9]  gives  the  following  explanation  of  additive  use: 
"it  is  important  to  keep  in  mind  that  most  oil  additives  serve  only 
to  improve  definite  properties  and  increase  oil  serviceability. 

Oils  suitable  for  specific  lubrication  purposes  are  the  basic  and 
decisive  factor  in  compounding  any  lubricant.  Improvers  added  to 
an  oil  do  not  achieve  their  goal  if  the  oil  itself  is  poorly  re¬ 
fined  or  unsuitable  for  the  Job  at  hand.  The  oil  should  be  of  the 
appropriate  type,  stable,  and  as  chemically  pure  as  can  be  achieved 
by  modern  technological  methods.  These  qualities,  in  conjunction 
with  various  Improvers,  make  it  possible  to  produce  a  more  efficient 
and  stable  lubricating  mixture." 

It  can  be  stated  that  the  purpose  of  motor-oil  additives  is 
to  Improve  the  properties  of  highly  refined  high-quality  mineral 
oils;  additives  cannot  compensate  for  poor  oil  quality  or  poor  re¬ 
fining. 

Heavy-duty  oils  are  most  widely  used  in  diesel  engines.  In¬ 
troduction  of  detergent  additives  into  such  oils  is  very  effective 
for  holding  soot  and  resins  in  a  dispersed  state  in  the  oil  and 
for  preventing  coagulation  and  deposition. 

TABLE  109 
Piston-ring  Wear 


1)  Specimen;  2)  Increase  in  gap,  ym;  3)  compression;  oil;  5) 
average  per  ring;  6)  weight  loss,  mg;  7)  wear  from  height,  ym; 
8)  wear  from  thickness,  ym;  9)  with. 


The  Institute  of  Additive  Chemistry,  Academy  of  Sciences  of 
the  Azerbaydzhan  SSR,  has  recently  conducted  a  great  deal  of  re¬ 
search  on  the  engine  characteristics  of  multipurpose  additives. 

The  additives  designated  as  B4)K  and  CB-3  have  come  into  the  widest 
use . 


As  many  tests  of  B<>K  in  various  automobile  and  tractor  engines 
have  shown,  use  of  this  additive  in  pure  form  greatly  reduces  the 
corrosiveness  of  the  oil,  has  a  material  stabilizing  effect,  and 
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TABLE  110 


Engine-Component  Wear 


1 

ACTIJH 

V? 
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o 
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—  « 
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00 
Mo  • 

si 

On 

« 

A 

Ss 

■  X 

<J  B 
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''*o«o 

OS 

O  1 

<< 

c? 
fcb 
ifin 
“>00 
No  • 

si 

« 

at  • 
o 

NU 

uia 

■4.U 

n 

. 

ta 

U 

at 

o 

•9 

o 

< 

3  ricmuicilb,  MX 

4  OOOUUIKH 

0.0 

6,9 

10,0 

4,0 

4.0 

9,4 

07 

S  lOf^Ka 

3,9 

2.0 

6.0 

2,0 

0,0 

5.7 

4,0 

6  nryjiKa  BC|.XHeA  ronoBKH  i 

uiaTytia 

4.8 

3.0 

5,6 

3,5 

5,3 

5.8 

7.5 

0,(1 

7  rinpuiHCDofl  naaeu 

3  Kn;iriiiiaTuA  Baji 

0.0 

5,6 

0,0 

— 

0,0 

0.0 

0.1 

0.0 

9  IliaTyHHaH  uieAxa 

4.5 

1.7 

0,0 

0,0 

0,0 

1.2 

1.0 

1  0  Knpuiiiiaii  uieAKa 

6,5 

1.7 

0.0 

0,0 

0.0 

0,0 

ao 

1  1  HKau/lMDlll,  M^ 

1  2  uiaTyiiitue 

1  3  KopcHHue 

64,0 

78,5 

75,0 

75,0 

65,0 

129,5 

117,. 5 

64,0 

105,2 

79,0 

\ 

— 

79,0 

75,0 

96,5 

110,0 

1)  Components;  2)  with;  3)  piston,  ym;  4)  bosses;  5)  skirt;  6) 
upper  rod  bushing;  7)  piston  pin;  8)  crankshaft;  9)  rod  neck;  10) 
crank  neck;  11)  bushings,  mg;  12)  rod;  13)  crank. 


consequently  promotes  maintenance  of  piston-ring  mobility.  The 
effectiveness  of  6«K  additive  in  reducing  wear  and  carbon  deposi¬ 
tion  and  ensuring  ring  mobility  is  greater  than  that  of  UMATHM-339 
additive.  According  to  the  results  of  tests  conducted  in  a  yMM-3 
apparatus,  the  detergent  properties  of  B^K  additive  are  almost 
twice  as  good  as  those  of  UMATHM-339  additive. 

The  results  of  tests  conducted  with  50K  additive  mixed  with 
;iC-ll  HK3  oil  in  single-cylinder  IM  and  yMM-3  engines  ace  given 
in  Table  112. 

Table  113  presents  the  results  of  short-term  tests  of  B^K 
additive  mixed  with  Baklnskoye  and  Eastern  oils  in  a  51A3-204 
engine. 

As  can  be  seen  from  the  data  in  Table  113,  the  B<>K  additive 
yielded  less  wear,  less  carbon  deposition,  and  almost  complete 
ring  mobility.  It  must  be  emphasized  that,  in  testing  oils  in  a 
5IA3-204  engine  under  the  regime  specified  by  the  long-term  test 
instructions,  maintenance  of  piston-ring  mobility  during  opera¬ 
tion  with  high-sulfur  fuels  is  a  rare  plienomenon  even  for  l40-h 
tests  with  effective  oil  additives.  For  example,  partial  ring 
welding  occurs  after  engine  operation  for  140  h  with  oil  contain¬ 
ing  BHMM-360  additive.  This  fact  also  indicates  the  good  engine 
characteristics  of  BtK  additive. 

Long-term  Stand  Tests  of  ji-11  Oil  Containing  5X  seK  Additive  In 
AA3-204  Engine 

Tables  Il4  and  115  present  data  characterizing  the  wear  for 
the  main  engine  components  during  operatlcn  with  standard  and 
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I'ABLE  111 


Change  In  Physicochemical  Properties  of  Worked-out 
Oils 


noKa3aTejiH 

0 

*? 

Ucfi 

<0 

0 

0 

’T'? 

Uta 

<u 

*0  ^ 

U  00  ^ 

sif 

si! 

J?  , 

U  QO 

05 

lib 

0 

Woo 

S  — 

65 

<< 

0 

Lt4 

<0 

UuQ 

<U 

«? 

to 

u 

if 

© 

ct* 

«? 

basKocTi.  KHiieMarioiecKan 
npH  60®  C.  ccT 

1  20  MUH  '• 

1  1  51  «  S 

BnsKOCTIi  KHIICMaTHVCCKail 

IlpH  100®  C,  CCT 

63,00 

57.9 

64,70 

03.07 

54.00 

."4.60 

31,70 

40,22 

72,00 

68.2 

72,23 

90.00 

57,33 

75,04 

34.73 

41,97 

£0  MUH  ** 

11,25 

9.7 

I0.(>.3 

9,71 

9.99 

)0,20 

7,13 

7.34 

51  «  S 

Kmcjiotiioc  <IHCaO,  MC  KOH 

11.79 

9.9 

11,20 

12,53 

io,ir> 

11,12 

7.57 

735 

2U  MUH  h 

0.02 

0.077 

0,07 

0.040 

0.02 

0.08 

0.03 

0,07 

51  •<  S 

3oabiiocTi>,  % 

0,23 

0,308 

0,17 

0,180 

0.33 

0,183 

037 

030 

20  MUH 

0.59 

0.57 

0.57 

0,266 

0.25 

0.465 

0,63 

0.60 

5!  <<  S 

KoKCyCMOCTh,  % 

0,85 

0,56 

0.53 

0,296 

0,26 

0.523 

0,75 

0.69 

20  MUH 

033 

0,71 

0,64 

(1.46 

0,48 

0,63 

0,87 

0,74 

bl  H  s 

1,22 

0,84 

0,91 

0.80 

0,.58 

0,87 

1,33 

0,97 

i 

i 


1)  Index;  2)  with;  3)  kinematic  viscosity  at  50“C,  cSt;  ^1)  min;  5) 
h;  6)  kinematic  viscosity  at  100°C,  cSt;  7)  acid  number,  mg  KOH; 

8)  ash,  %\  9)  tars,  %, 

TABLE  112 


Results  of  Tef>\;s  In  IM  Apparatus 


1  1 

noKiaaTfh'H  j 

Acn-ii 

B[g| 

i  AC-II  HK3 
c  8%  t®K 

2 

3  H31IOC  1  H  II  KU.1CU.  MC 

555.8 

101.4 

104.3 

9  itaiioc  Koncu,  m 

35.0 

23.9 

24,3 

S  Harap  c  Koaeu,  a 

0.22 

0.19 

0,13 

6  Harap  r  KaiiaaoK,  a 

7  nOABHMIllOCTb  KOJICU 

0,27 

02i 

0,19 

e  cBoOoAiibie 

1 

5 

4 

9  nAOTiiwr  ' 

5 

1 

2 

1  0  npHiaaBCHNue 

— 

— 

1)  Index;  2)  with;  3) wear  for  1st  and  2nd  rings,  mg;  average 
ring  wear,  mg;  5)  carbon  deposits  on  rings,  g;  6)  carbon  deposits 
on  grooves,  g;  7)  ring  mobility;  8)  free;  9)  tight;  10)  frozen. 
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TABLE  113 


Short-term  Tests  in  flA3-204  Engine 


flOKIMTCJIH 

iicn-ii 

(HK3) 

AC-ll 
(HK3)H 
6%  BOK 

Ac-n 
(HK3)  1 
6%  RHK 

1  A-1! 

B0K 

AC- 11 
(lll<3)i 
e%  B<>K 

3  Mniioc  KOMnpccciioiiilux  xo;icu  no  noTc- 

pe  seca,  tu 

I 

II  1.0 

80,0 

G3.5 

76,7 

72,3 

II 

231,0 

149,0 

110,8 

110,4 

13.3.8 

III 

140,0 

109,0 

117,4 

115,5 

13.5,8 

IV 

126,0 

161,0 

149,9 

116,0 

IS4»5 

4  li  cpCAHCM  III  KO/lbUO 

154,0 

125,0 

110,4 

104,5 

124,1 

5  Tu  ace  MacjiocbeMiiux  kcuicu 

I 

IS,7 

51 

9,2 

17.3 

10,6 

11 

11,0 

47 

4,5 

11,5 

19,4 

10,6 

III 

19,0 

27 

6.1  . 

9.7 

IV 

14,0 

87 

9.7 

19,3 

14,8 

4  H  cpeAHeM  HI  KOH4UO 

17,0 

40 

7.4 

17,0 

M.4 

6  II^HOC  KOMnpecciiaiiMUx  kcmi«u  no  yte- 

mmeiiHio  aiaopa,  mk 

I 

03 

y.o 

.50 

20 

57,5 

II 

250 

.50 

112,5 

80 

87,5 

II! 

125 

25 

75 

50 

.50,0 

,v 

too 

133 

37.5 

30 

83,0 

4  ii  CpCAHCM  HI  KOHbUO 

139 

71 

68,1 

45 

64k5 

3  To  acc  MicaocbeMiiHx 

’  I 

25 

50 

50 

30 

25 

II 

IG 

100 

25 

30 

.50 

III 

25 

87 

32.5 

60 

25 

IV 

37,5 

7.5 

75 

60 

SO 

4  1)  CpCAIKM  HI  KCMibltO 

25,8 

78 

53 

45 

37,5 

7  Hirip,  t 

8  c  KOJieu 

2,82 

2.30 

2.02 

2,35 

2,43 

9  c  KiniBOK 

6,43 

U92 

4.97 

4,85 

3,34 

1 0  a  jiimmi 

1.48 

0.84 

1,60 

2.05 

0,71 

I  1  CyMiiapHMfi 

1  2  CpeannA  aanoc  itcjiiAuiueH  no  nor^pe 

10,73 

5,06 

8,59 

9,25 

. 

6.48 

lieci  (Mf  )  HI  OAHU 

I  3  sepxHHA 

29,3 

65 

7.0 

27.3 

27,0 

1  4  HHaCHMA 

21.7 

57 

i.7 

15,2 

20.7 

1  5  noABaacHOCTb  Koxeu 

1  6  cioOOAHUe 

11 

16 

H 

14  ■ 

15 

1  7  naoTHue 

4 

— 

2 

2 

1 

1  a  npaxianeniiMe 

.  I 

— 

— 

— 

— 

1)  Index;  2)  Baklnskoye;  3)  compression-ring  wear,  from  weight 
loss,  mg;  1|)  average  per  ring;  5)  the  same,  for  oil  rings;  6)  com¬ 
pression-ring  wear,  from  Increase  in  gap,  ym;  7)  carbon  deposits, 
g;  8)  on  rings;  9)  on  grooves;  10)  on  piston  faces;  11)  total; 

12)  average  bushing  wear,  from  weight  loss  (mg),  per  bushing; 

13'  upper;  1^)  lower;  15)  ring  mobility;  16)  free;  17)  tight;  l8) 
frozen. 
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TABLE  114 


Wear  for  Cylinder-Piston  Components 


1 

nOKaaiTCXH  H3H0Ca 

1  • 

1  'J . .  1 

A'IUt'UPhob)  i  : 

y— 

1  (TotapiNM) 

allriiioc  riiabs  UHaHiiApoH  (jmic)  b  noRce  hb  pBCcroR* 

43 

31 

IIHN  MM 

>  -T&mu 

45 

30 

95  mm 

>  46 

20 

140  JIJH 

38 

15 

170  . 

30 

15 

273  MM 

3 

14 

4 1  IpHaCACHIIblfl  M3IIOC  rilAU,  MK 

34 

22 

Sll;uioc  iiopuiiicA  (jhk)  no  H3MeHciiNK)  iiapywiioro 

AHaMerpB, 

4 

*1 

6  AHaKprpa  SodMuieK 

9 

la* 

7 1  Iriiioc  nopuiHCBux  koacu 

259 

325 

e  no  noTcpc  aera  b  cpt'AiiCM  na  oaho  xoAbito,  Mi‘ 

9  no  H3i|ieiieiiHio  aasopa  b  ctmkc  koacu,  mm 

0,145 

0,15 

1  0  l1;iHOC  nopuiH«Boro  naabiia,  mm 

0,002 

1  0 

1)  Wear  Index;  2)  (commercial);  3)  cylinder-sleeve  wear  (ym)  In 
bands  at  distance  of;  4)  reduced  sleeve  wear,  ym;  5)  piston  wear 
(ym),  from  change  In  outside  diameter;  6)  boss  diameter;  7)  pls- 
ton-rlng  wear;  8)  from  loss  of  weight,  average  per  ring,  mg;  9) 
from  change  In  ring  gap,  mm;  10)  pis ton-pin  wear,  mm. 

TABLE  115 


Wear  for  Crankshaft-Rod  Components 


- - - 1 - 

noKaaiTcan  mshocb 

i  5-11+3% 

UHATHM-339 

A*n+5%  B«K 

2ir<uoc  uiccK  KOACiiiaToro  Sana,  mm 

3  inarynHux 

0 

1 

0,0075 

4  KopeHHua 

0 

0,0036 

5  llatioc  eepxneA  sTyaKH  uiaryita,  mk 

3 

11 

BKBaAbiuieA  uiaryimux  noAUinniiHKOB  no  no- 

tepe  BcCa  (mi)  b  cpeAHCM 

7  iia  oAini  BCpxiiiiii 

44 

94 

8  iia  OAHH  lIHRdlriA 

12 

27 

SJI'iiioc  uKABAbiiueA  KopciiHbix  noAiUHniiiiKOH  no  no- 

Ti'pe  BCca  (ata)  b  rpcAxCM 

1 

7  na  OAHU  Bcpxiiiiii 

44 

30 

8  iia  O^HH  KHMOIMU 

1% 

IIS 

1)  Wear  Index;  2)  crankshaft-neck  wear,  mm;  3)  rod  necks;  4) 
crank  necks;  5)  upper  rod-bushing  wear,  ym;  6)  rod  bearing-bushing 
wear,  from  weight  loss  (mg), average  for;  7)  one  upper  bushing; 

8)  one  lower  bushing;  9)  crank  bearing-bushing  wear,  from  weight 
loss  (mg),  average  for. 
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test  oils. 


The  cylinder  sleeves  exhibited  less  wear  for  il-ll  oil  con¬ 
taining  BOK  additive  than  for  standard  ;i-ll  oil  containing  UMATHM- 
339  oil. 

The  piston  and  piston-pin  wear  was  slight  for  the  specimens 
tested  and  can  be  regarded  as  almost  equivalent  in  both  cases.  The 
piston-ring  wear  was  somewhat  greater  than  for  the  standard  oil. 
Thus,  the  average  per-rlng  wear  was  259  mg  for  the  ;i-ll  oil  con¬ 
taining  3/J  UMATMM-399  additive  and  325  mg  for  the  fl-11  oil  con¬ 
taining  5/J  B^K  additive. 

The  character  and  amount  of  the  carbon  and  tar  deposits  on 
the  pistons  and  of  the  resin  deposits  on  the  oil-filter  elements 
were  evaluated  by  visual  inspection  and  weighing.  Table  Il6  gives 
the  results  of  the  inspection. 

TABLE  116 


Comparative  Evaluation  of  Ring  Mobility  and  Tar 
Deposits 


j  CocToaNHC  aera^eft  nocae  60  h 
paOoTU  ABHrarea* 

R-n+3% 

UHATHM-339 

A-n-i-5%  B4>K 

2  riOABHlKHOCTb  nopUllleeUX  KOACA 

3.  CBOOOAHUX 

l(> 

32 

4  fUlOTHUJC 

14 

— 

S  npHXUaMCHIlUX  nOAHOCTbK 

1 

— 

6  npNXBaMeHiiMX  abctmiho 

— 

— 

7  CflOHaHHUX 

J?aK  Hepnoro  uaera  hb 

//ax  TeMHOKeporo  uaera 

8  JlBKOBwe  noKpuTHN  Ha  nOxax  nopuiHcft 

65—70%  nosepiHoCTH 

Ha  30%  nowpxaoCTM 

1)  Condition  of  components  after  engine  operation  for  60  hj  2) 
piston-ring  mobility;  3)  free;  tight;  5)  completely  frozen; 

6)  partially  frozen;  7)  broken;  8)  tar  deposits  on  piston  skirts; 
9)  black  tars  over  65-701  of  surface;  10)  dark  gray  tars  over 
3055  of  surface. 

TABLE  117 


Deposits  and  Oil  Consumption 


1 

noxaaareaH 

il-ll-i-3% 

lUIATMM-339 

A-II+S%  B<t>K 

OraoHceiiHB  Ha  ^HAbrpyxiuiMx  MCHeHTax  TCHXori 
OMHCTKH  uauia  a  cpcahcm  aa  eO-vacoawA  uhxa,  i 

364 

601 

PtcxoA  Mioia  N«  yrip  ■  cpcahcm  kc  60-*iaco»oA 

UHKJ. 

'  6 

6.15 

To  MC  a  %  K  pacxoAy  roiuiHBa 

0.90 

0.77 

1  iarapooOpaaoaaHHC  ha  ocnobhux  AeraAax  nopuiHc- 
boh  rpynnu,  t 
flopiUHeaui'  KOAbua 

2.63 

2,36 

KaHaaxR  nopuiRH 

3.42 

Bctra  Harapa,  a 

6.35 

4.86 

1)  Index;  2)  deposits  on  high-quality  oil-filter  element,  average 
over  60-h  cycle,  g;  3)  oil  burnt,  average  over  60-h  cycle,  kg; 
the  same,  %  of  fuel  consumption;  5)  carbon  deposition  on  main  pis 
ton  components,  g;  6)  piston  rings;  7)  piston  grooves;  8)  total 
carbon  deposits,  g. 
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TABLE  118 


Change  In  Physicochemical  Properties  of  /l-ll  Diesel 
Oil  Containing  3%  UHATMM-339  _ 


,  1 

Bptii*  orSopa 
iipo6 

2 

KHnem- 

TMiecKaa 

WIJKOCTb, 

eem 

3 

3oab- 

KDCTb  % 

MexaNH- 

lecKHe 

npMMiCH, 

% 

KhCXOT' 
Hoe 
ao.  Ml 
KOH 

6 

KoKcye* 
MOCTb,  K 

7 

Kop^na, 

8  ' 
IKeJMao, 

Ml 

20  MUH  9 

IMI 

0.307 

0,03 

0,055 

0,680 

0,57 

14,0 

10  9  1  0 

11,50 

0,1.52 

0,024 

0,142 

0,680 

0,78 

13,0 

20  H 

11,58 

0.167 

0,028 

0.185 

0,795 

1,10 

26,0 

30  H 

11,83 

0.172 

0,043 

0.230 

1,200 

1,13 

3I,.5 

40  9 

12,29 

0,182 

0,062 

0,307 

1,410 

0,96 

373 

50  H 

12,85 

0,192 

0,043 

0,300 

1,500 

1,05 

35.7 

60  H 

12,83 

0,221 

0,057 

0,280 

1,680 

035 

37,5 

1  no* 

KaaiTeacii 

+  1.42 

-0,086 

+0.J27 

+0,225 

+0,800 

+0^ 

+23,5 

1)  Sampling  time;  2)  kinematic  viscosity,  cSt;  3)  ash,  %;  4)  mechan¬ 
ical  impurities,  5)  acid  number,  mg  KOH;  6)  tars,  %;  j)  corrosion 
g/m*;  8)  iron,  mg;  9)  min;  10)  h;  11)  change  in  index. 


As  can  be  seen,  the  data  in  this  table  indicate  that  B<}>K 
additive  has  a  clear  advantage  with  respect  to  piston-ring  mobil¬ 
ity. 


Table  117  gives  data  on  oil-filter  deposits  and  carbon  deposits 

As  can  be  seen  from  the  data  in  Table  117,  carbon  deposition  on 
the  engine  components  was  less  when  the  engine  was  run  with  the  oil 
containing  B«>K  additive. 

TABLE  119 


Change  in  Physicochemical  Properties  of  ;i-ll  Diesel 
Oil  Containing  5% 


1 

UpcMi  oTtopa 
apo6 

2 

KHHCHa* 

THMccKaa, 

aakocTb, 

tern 

3 

3oab- 

HOCTb.  X 

♦4 

MfxohH' 

9ec>He 

np’4MCCM, 

X 

5 

Kmcjiot- 

MO«  NMC- 
ao.  Ml 
KOH 

6 

Koacye- 

MOCTb,  % 

\ 

7 

Koppo* 

3HI,  ilM 

0 

IKcaeao, 

Ml 

20  MUM  q 

12,6 

0.611 

0.035 

0,005 

1.60 

0.44 

16.0 

10  9  1  0 

12,8 

0,567 

0,035 

0.12.5 

1.82 

0.20 

16,0 

JO  9 

13.0 

0.G00 

0,025 

0.130 

1,91 

0.45 

.34.0 

.10  « 

13,3 

0,600 

0.020 

0.120 

2M 

0.25 

2.5.0 

«0  9 

14.G 

0,610 

0,018 

0.122 

2,31 

0.40 

25.0 

.50  9 

14,3 

0,602 

0.020 

0.1.50 

2.66 

0.44 

30.0 

60  9 

IS.O 

0,606 

0,020 

0.150 

2.91 

0.53 

33J) 

KtaiTeacI 

+  2.4 

-0,005 

-0,015 

+0.055 

+  1,31 

4-0.09 

+  17,0 

1)  Sampling  time;  2)  kinematic  viscosity,  cot;  3)  ash,  X;  ^)  mech¬ 
anical  impurities,  X;  5)  acid  number,  mg  KOK;  6)  tars,  X;  7)  cor¬ 
rosion,  g/m“;  8)  iron,  mg;  9)  min;  10)  h;  11)  change  \\  index. 
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Tables  118  and  119  present  the  result?  of  an  analysis  of  the 
worked-out  standard  and  test  oils. 

The  change  In  main  physicochemical  properties  during  engine 
operation  was  smaller  for  the  ^1-11  oil  containing  5<  seK  additive 
than  for  the  standard  specimen. 

On  the  average,  the  ash  content  of  the  oil  containing  the  new 
test  additive  remained  constant  over  a  60-h  engine-operation  cycle, 
while  that  of  the  oil  containing  UMATMM-339  additive  decreased  by 
more  than  20Jt. 

Long-Term  Stand  Tests  of  /IC-ll  hK3  Oil  containing  6%B4>k  Additive  In 
A-40  Engine 

Tables  120-122  present  data  characterizing  the  wear  for  the 
main  engine  components  during  operation  with  the  standard  and  test 
oils. 

As  can  be  seen  from  Table  120,  the  cylinder-sleeve  wear  (par¬ 
ticularly  In  the  maximum-wear  zone)  was  very  small  and  identical 
In  both  cases. 


As  can  be  seen  from  the  data  In  Table  121,  all  piston-ring 
wear  Indices  were  substantially  lower  for  the  oil  containing 
additive. 


The  data  In  Table  122  Indicate  that  the  wear  for  both  the 
rod-  and  crank-bearing  bushings  was  less  when  the  engine  was  run 
with  the  oil  containing  B<I>K  additive. 


TABLE  120 

Wear  for  Cylinder-Flston  Components 


J 

noxaaarub  hwoci 

JlC-ll  HK3+3* 
UHATMM-339 

itC-II  HK3 
+6%  B1>K 

1 

liwoc  niAb3  U»JlHHApOt  (mk) 

■  BOIICO  HI  paCCTOUKHH 

• 

22  MM 

38 

40 

<8  MM 

IS 

27 

MM 

11 

20 

in)  MM 

4 

20 

230  MM 

5 

14 

np«MXeNHIlA 

IS 

24 

■  Mnec  MaKCMMUbNOrO  UNOCf 

38 

40 

Hmmc  nopaM#  (mm)  no  Nwciwiiino 

•upyaunro  iMuerpn 

0 

6,8 

19,8 

1)  Wear  Index;  2)  cylinder-sleeve  wear  (um)  in  band  at  distance  o; 
3)  reduced;  ^l)  In  maximum-wear  zone;  5)  piston  wear  (um),  from 
change  in;  6)  outside  diameter;  7)  boss  diameter. 


Tables  123  ai.a  124 
pistons  and  of  deposits 


show  the  amount  of  carbon  deposits  on  the 
on  the  oil  filters. 


Analyzing  the  data  In  Tables  123  and  124, 


It  can  be  seen  that 


TABLE  121 


Plston-Rlng  Wear  and  Mobility 


1  ■  * 

•’ffS/'f:"  1  iiuuo  jic-ii 

lIsHoc  KOMnpecciioHiiiiix  Koaea  no  norepc  uca,  Mf 

7.3,2  . 

I 

701 

II 

42'1.7 

,  50.11  • 

III 

170 

20,9 

IV 

l('.3 

20 

B  CpCAItCM  Ha  KORbUO 

■387 

42X) 

To  MC  MacjiocbeiiHux 

I 

21,3 

1.6 

11 

00.0 

8.e 

B  CpeAHCM  Ha  KOXbUO 

108 

5,2 

Hshoc  KOMnpeccHOHHUX  Koneit  no  yaenHHeiiHio  .«a- 

aopa  a  aaMxe,  mk 

' 

I 

237 

50 

II 

175 

37 

III 

187 

IV 

87 

87 

n  cpcARen  Ha  Konbiio 

172 

1  S3 

To  xe  MacnocbCMHUX 

I 

102 

87  1 

II 

112 

100  . 

B  CpCAHCM  Ha  KOXbUO 

137 

M 

Mshoc  .no  paAHanbHofif  ToaioMHC  KOwnpeccHuKHux 

ROnCK,  MK 

1 

W),0 

•5 

II 

28,0 

xb  . 

III 

23,0 

4.0 

IV 

23,0 

4.5 

n  CpcAHCM  Ha  KOAbnO 

31,1  1 

4.9 

To  xe  nacaocbCMHux 

1 

28,0 

8,0 

II 

39,8 

4.5^ 

0  epeniMM  hr  Kojibuo 

33,9 

63 

Hskoc  no  BucoTC  KounpeecHOMHUx  Koacu.  mk 

5,5 

I 

5.5 

II 

3.5 

6,5 

III 

2.3 

3,6 

IV 

2.6 

3,5 

B  CpCAHCM  Ha  KOJIbUO 

16,0 

,4.8 

To  xe  MaCAOCbCMHUX 

I  • 

1.6 

3 

II 

3.0 

4.5 

B  CpCAHCM  Ha  KOAbUO 

2.3 

3.7 

riOABHXHOCTb  KOJICU 

24 

1  0  CBOdOAHWe 

24 

1  1  naoTHkie 

0 

0 

1  ;  npMxaaHCiiiihie 

0 

0 

1)  Index;  2)  oil;  3)  compression-ring  wear,  from  weight  loss,  mg; 
k)  average  per  ring;  5)  the  same,  for  oil  rings;  6)  compression- 
ring  wear,  from  increase  in  ring  gap,  ym;  7)  compression-ring  wear, 
from  radial  thickness.,  ym;  8)  compression-ring  wear,  from  height, 
ym;  9)  ring  mobility;  10)  free;  11)  tight;  12)  frozen. 
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the  ;iC-ll  HK3  oil  containing  6%  B«K  yielded  substantially  better 
results  with  respect  to  filter  deposits,  carbon  deposits  on  piston 
components,  and  piston-surface  cleanness. 


TABLE  122 

Wear  for  Crank-rod  Components 


1 

noN<3at««H 


'll  Hamc  uiecK  KOMiiiiaToro  aaaa,  mk 
s  waTyiiHua  < 

t  NOl/ClIHUa 

7  Hshoc  aepxiieA  cTyaxH  uiaryNa,  mk 
a  CpcAHHA  Hsiio^  siiaaAwiucA  uiaryHiiux  noAiUHniiH- 
Koa  no  noTcp«  aeca  (Mt)  na  oauii 
a  iiepxii>iA 
)  c  hnmhhA 

1  1  Maiioc  aitaaAUUirA  xopeniiux  noAuiHniiHKoa  no  no- 
rtpe  aeca  («^)  a  qtcAncM  na  oabii 
'  aepxHHA 

HNKanA 


4.4 

4,2S 

0 


26rt 


2or> 

422 


!.4 

11,25 


III 

84 


70 

85 


1)  Index;  2)  flC-11  HK3  oil  containing  3<UMATMM-339 ;  3)  flC-11  HK3 
oil  containing  6%  B^K;  crankshaft-neck  wear,  pm;  5)  rod  n<jcks; 

6)  crank  necks;  7)  upper  rod-bushing  wear,  pm;  8)  average  roi-bear- 
ing  bushing  wear,  from  weight  loss  (mg),  per;  9)  upper  bushing;  10) 
lower  bushing;  11)  crsuik  bearing-bushing  wear,  from  weight  loss 
(mg);  average  per. 

TABLE  123 

Deposits  on  Filters 


I  30 

II  2S  40 

Hi  65  40 

IV  55 

V  95  45 

VI  '  -  30 

VII  30  - 

VIII  «  ~ 

IX  - 

i  B  cpaANM  M  iWKa  48,5  39,0 


•  • 

2  OTXoaceHNa  na  e.  T.  0.>  ^ 

5^ 

m 

Macao  AC-1 1 
HK343%  . 
UHATMM-339 

3 

Macao  AC-11 
HK3  c  6»  BeK 
•• 

OtaoixeNHa  iia  T.  O.,  / 
5  (ueirrpa^yra) 


or. 

__ 

90 

55 

40 

.10 

u 

25 

IS 

30 

85 

25 

30 

— 

25 

37.0 

31,5 

MacAo  /IC'II 
HK3  t  3% 
UMATHM-339 


AC-11  HK3 
c  6%  BW 


1)  Cycle;  2)  deposits  on  low-quality  filter,  g;  3)  flC-11  HK3  oil 
containing  3<  UMATMM-339;  flC-11  hk3  oil  containing  6%  B4.K;  5) 
deposits  on  high-quality  filter,  g  (cen'-'lfuge) ;  6)  average  per 
cycle. 
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TABLE  124 


Carbon  Deposition,  g 


l  ' 

Hartp  1 

Mickw  AC'll  HK3  c 

2  UHATHMd39 

Mac«o  AC-ll  HX3 
,  c  SK  B^K 

4  Caiihiu« 

1,36 

0,77 

S  C  KaillBOK 

6,28 

1,49 

S  C  KOMU 

133 

0,32 

’ Be  e  ro 

9,47 

!  2,58 

1)  Carbon  deposits;  2)  /JC-11  HK3  oil  containing  1%  UMATHM-339;  3) 
<5C-11  HK3  oil  containing  6^  4)  piston  face;  5)  grooves;  6) 

rings;  7)  total. 


The  average  amount  of  oil  burnt  per  cycle  was  12.4  kg  for  the 
flC-11  HK3  oil  containing  yi>  aMATMM-339  additive  and  6.25  kg  for 
the  flC-11  HK3  oil  containing  6JS  BeK  additive. 

Tables  125  and  126  present  the  results  of  an  analysis  of  the 
worked-out  standard  and  test  oils. 

TABLE  125 


Change  In  Physicochemical  Properties  of  flC-11  HK3 
Oil  Containing  3%  UMATMM-339  Additive 


1 

BpeMfl  ottepe 

2  .&S 
^  B  6  w 

|i:o 

09  «  rS 

^  t 

S  * 

m 

M. 

- 
s  ^  » 

«  B  V 

P.  5 

« 

.  « 
h 

o  o 
»  a 

i  ’ 

h 

o  3 

he  H 

*• 

s 

a 

Hciowm 

10,59 

0.55 

mmm 

,  , 

90  JUtM  1  0 

11,68 

0.30 

0.024 

0,17 

0.62 

0.92 

20 

90  «  t  1 

11,05 

0,33 

0,031 

0,19 

— 

1.05 

17 

60  % 

11,31 

0,31 

0,925 

0.115 

_ 

0.916 

19 

100  < 

11,50 

0.27 

0,047 

0,195 

1.01 

0.88 

27 

Hhi«mbir  noKiUTajcl 

+  J.09 

-0J8 

-t-0.023 

+0,025 

+0.39 

-0,04 

+  7 

1)  Sampling  li^e;  2)  kinematic  viscosity  at  100®C,  cSt;  3)  ish, 
4)  mechanical  ImpuritieSj  <;  5)  acid  number,  mg  KOH;  6)  tars, 

7)  corrosion,  g/m*;  8)  iron,  g;  9)  Initial;  10)  min;  11)  h;  12) 
change  In  Index. 


It  can  be  seen  fx’om  the  data  In  Tables  125  and  126  that  the 
ash  content  of  the  oil  containing  BeK  additive  remained  almost 
unehangeo  during  operation  for  60  h,  while  that  of  the  oil  con¬ 
taining  UMATMK-399  additive  was  halved,  which  indicates  tnat  this 
additive  is  rapidly  worked  out. 

The  acid  number  and  mechanical-impurity  content  of  the  two 
oils  over  100  h  of  operation  were  of  the  Game  order,  while  the 
corrosiveness  of  the  oil  containing  Bek  wae  only  half  that  of  the 
oil  containing  umatmm-399. 
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TABLE  126 


Change  in  Physicochemical  Properties  of  HC-11  HK3 
Oil  Containing  6?  B<t*K 


1 

BpcMil  orSopa 

?  •  aS 
-5  §-8 

§  ;>  Su 

s  S  ^0 

X  4>Q 
0  M  rS 

5  3 

% 

X 

wa 

K 

ix  4 
£ 

*  ®  . 
QuaT 

V  x  H 

•g  x*l 

<  u  ai 

5 

u 

S  «*  w 

»  ru; 

6  tt  * 

ai  0 

2 

00  0  ^ 

x:f. 

8  ® 
V 

Mcxoxroc 

lUl 

0,04 

0,03 

0,00  — 

20  MUH  1  0 

11,44 

0,67. 

0,22 

0,05 

0,90  0.20 

5.6 

20  »  1  1 

(4,39 

0,36 

0,10 

0,09 

0,97  0,24 

4,5 

60« 

12,24 

0,73 

0,09 

0,10 

1,1  0,23 

7.6 

too  H 

12,38 

0,66 

0,09 

0,20 

1,11  0,45 

10,2 

ManeiieiiHe  (lOKaaaTcaeH 

+  1,17 

+0,03 

+0,0,6 

+0,17 

+0,21  +0,19 

1 

+  4,6 

1)  Sampling  time;  2)  kinematic  viscosity  at  100°C,  cSt;  3)  ash, 
mechanical  impurities,  5)  acid  number,  mg  KOH;  6)  tars,  %\ 

7)  corrosion,  g/m^;  6)  iron,  g;  9)  initial;  10)  min;  11)  h;  12) 
change  in  index. 


The  iron  and  tar  contents  of  the  oil  containing  B<>K  were  sub¬ 
stantially  lower  after  service  for  100  h. 

Analysis  of  the  test  results  enables  us  to  draw  the  following 
conclusions. 

1.  Oils  containing  B4»K  additive  produce  substantially  less 
engine-component  wear  than  a  standard  specimen  in  a  ja-^O  engine. 

2.  B0K  additive  ensures  piston-ring  mobility  throughout  the 
entire  test  period,  while  tests  with  the  standard  specimen  result 
in  tight  or  frozen  rings. 

3.  The  amount  of  carbon  deposited  on  the  piston  components  is 
several  times  less  for  operation  with  an  oil  containing  B0K  addi¬ 
tive. 

4.  Considerably  less  tars  are  formed  on  the  piston  surfaces 
when  the  engine  is  operated  with  oil  containing  B^K  additive. 

5.  The  average  change  in  physicochemical  properties  for  oil 
containing  BeK  additive  over  a  single  test  cycle  is  less  than 
that  for  oil  containing  UMATMM-339  additive. 

Investigation  of  Engine  Characteristics  of  C5-3  Additive  Mixed 
with  Oils 

The  automobile  oils  produced  by  Soviet  Industry  require  a 
substantial  Improvement  in  engine  characteristics  in  order  to  en¬ 
sure  reliable  long-term  service  of  modern  spark-ignition  automo¬ 
bile  engines. 

As  recent  experience  has  shown,  one  way  to  Improve  oil  cnar- 
acteristlcs  is  use  of  multipurpose  addl*‘lves.  Preliminary  engine 
and  nonengine  tests  conducted  by  the  INKhP,  Academy  of  Sciences 
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TABLE  127 


Ring  Mobility 


1 

McnuTycKoe  Macjio 

2 

KoauiccTBO  Koaeii 

noaiiocTbu 

SaKOKCOMH- 

HUX 

3 

qacTH'iHO  3a- 
KOKCOB£HHUX 
(cyMMapHaa 
h  ayra) 

5 

naoTHWX 

€ 

cw6oa- 

HUX 

7 

AC-9,5  HK3  (fic.i  iipucaaKH) 

1 

2/650® 

ri 

19 

\C.9.5  HK3+3%  UHATHM-339 

0 

0 

0 

24 

AC-9,5  HK3-H0%  CB-3 

0 

0 

0 

24 

cy.  j, 

1 

3/590® 

2 

18 

AC-10  ((faK.)-|-3%  AaHHM-a  (Ba) 

0 

0  , 

0 

24 

AC- 10  (6aK.)  +  IO%  CB-3 

0 

c 

0 

24 

AK-IU-t-10%  CB-3 

0 

0 

0 

18* 

—w^ 

ston  with  3  rings. 

1)  011  tested;  2)  number  of  rings;  3)  completely  frozen;  4)  par¬ 
tially  frozen  (total  arc);  5)  tight;  6)  free;  7)  without  additives; 
8)  Baklnskoye. 

TABLE  128 


Amount  of  Deposits  on  Engine  Components  and  Oil 
Burning 


\  1 

cnuTycMoc  Macao  | 

^Ha  nopiuHRx 

C  KOabuaMH,  l 

3 

Ha  T.  0.,  z 

4 

Vrip  Macjia,  tin 

AC.-9,5  HK3  :3*npHcaaKH) 

8.4 

1 

87 

67 

AC  9,5  HK3  f  :  «  UHATHM-339 

6,3 

20 

6.3 

\C-S.5  HK3-H'0%  CB-3 

4.1 

114 

42 

cy  $ 

20,9 

173 

57 

AC-iO  (0&k.)-I-3%  AsHMH-e  (Ba) 

20,6 

\C-I0  (6aK.)-flO%  CB-3 

10,1 

110,5 

45 

AK-lO-f  10%  CB-3 

2.3! 

91 

35 

1)  01?  tested;  2)  on  pistons  and  rings,  g;  3)  on  high-quality  oil 
filter,  g;  4)  oil  burnt,  g/h;  5)  without  additives;  6)  Baklnskoye. 

o"  the  Azerbaydzhan  SSR,  have  shown  that  the  new  CS-3  additive  Is 
hj  ■'y  efficient.  Its  addition  to  both  Baklnskoye  and  Eastern  auto¬ 
mobile  oils  provided  high  oil  engine  characteristics  in  carbureted 
engines . 

In  order  to  determine  the  effectiveness  of  CB-3  additive  mixed 
with  automobile  oils  produced  from  Baklnskoye  crude  oils,  the  test 
results  were  compared  with  those  obtained  for  operation  of  a  rA3-51 
engine  with  cy  oil  and  vrlth  AC- 10  (Baklnskoye)  oil  containing  3^ 
A3HMH-8  additive  (barium  type). 

The  data  in  Table  127  characterize  plstor-rjng  nobility  after 
these  tests. 

As  can  be  seen  from  the  data  In  Table  1?7,  AC-d,5  hk3  oil  con¬ 
taining  3%  UMATMM-339  additive  and  10?  CB-3  additive  and  AC-10  oil 
containing  3?  A3HMM-8  (Ba)  additive  and  10?  CS-3  additive  provided 
full  piston-ring  mobility  throughout  the  entire  test. 

Table  128  presents  data  characterizing  the  amount  of  deposits 
on  the  engine  ccmiponents  during  operation  with  different  oils. 
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TABLE  129 


Component  Wear 


1 

2  MICJO  AC-9,5  HK3' 

-noKtsareAH 

i 

3  1 

6e3  npnoxKH 

1  3* 

llHATHM-339 

tOK  CB-3 

CpejMHii  II3MOC  uii;iiiiiApoB.  mk  < 

H3HOC  nopuiiicBbix  Ko^ieu  no  norepe 

■  '29 

') 

4 

Beca  (m3)  ita  oaiio  Koabuo 

Haiioc  KOMnpcccHOMiibix  Ko;ieu  no  yse- 

475 

87,5 

83 

;tiiueHH)0  saaoDa  a  aauKe,  mk 

eno 

165 

115 

Haiioc  Ko-’ictinaToro  aant,  mk 

8  uiaTyiiiitiie  uieuKH  i 

8 

5 

2 

8  KOpCHlibie  tUCi'lKH 

4 

6 

2 

Hanoc  nK;ianbiiiieft  noAuinnKHKOs 

1  1  luarvHiiue 

— 

6 

1  2  Kopeiiiifaie 

— 

— 

1.4 

HoABHlKHOCTb  nopUiHeBhIX  KOACK 

1  4  COoSoAHfaIR 

18 

24 

24  . 

I  s  nAoTHbie 

■  2 

0 

0 

1  6  npHropcBUiiic 

4 

0 

0 

Harap  (scero),  e 
n  TOM 

8,4 

6.3 

4,1 

c  KOACK  II  xaHanoK 

0.13 

— 

1)  Index;  2)  oil;  3)  without  additives;  4)  average  cylinder  wear, 
urn;  5)  plston-rlng  wear,  from  weight  loss  (mg),  per  ring;  6)  com¬ 
pression-ring  wear,  from  increase  in  gap,  ym;  7)  crankshaft  wear, 
ym;  8)  rod  necks;  9)  crank  necks;  10)  bearing -bushing  wear;  11) 
rod  bearings;  12)  crank  bearings;  13)  piston-ring  mobility;  l4) 
free;  15)  tight;  16)  welded;  if)  carbon  deposits  (total),  g;  l8) 
including  rings  and  grooves . 


As  can  be  seen  from  the  data  in  this  cable,  AC-9.5  HK3  oil 
containing  lOJt  CB-3  additive  produced  substantially  less  carbon 
deposits  on  the  pistons  and  rings  than  did  the  oil  containing  1% 
UtlATMM-339  additive.  The  same  effect  was  observed  when  CB-3  addi¬ 
tive  was  mixed  with  AC-10  Bakinskoye  oil.  This  can  be  seen  from 
a  comparison  of  AC-10  (Saklnskoye)  oix  containing  10^  CB-3  oil 
with  AC-10  (Baklnskoye)  oil  containing  1%  AnHHk!-8  (Ba)  additive. 

While  mixing  of  AC-10  oil  with  H  A3HHH-8  (Ba)  additive  re- 
d  :ces  carbon  deposits  to  the  level  observed  for  operation  with 
cy  oil,  use  of  CB-3  additive  with  the  saiiie  oil  reduces  carbon  de¬ 
posits  by  a  factor  of  2. 

Comparison  of  AC-10  (Baklnskoye)  bil  containing  lOJJ  CB-3 
additive  with  AC-9.5  HK3  oil  containing  3!^  I4MATHM-339  additive 
shows  that  a  somewhat  smaller  amount  of  carbon  deposit  was  prod¬ 
uced  in  the  former  case.  This  is  attributable  to  the  qualitative 
difference  the  base  •'ils. 

Both  the  Eastern  and  Baklnskoye  oils  containing  CB-3  addi¬ 
tive  yielded  substantially  better  results  from  the  standpoint  of 
tar  deposition  on  the  pistons.  Thus,  the  ti  r  deposits  on  the  pis¬ 
ton  skirts  amounted  to  2.0-3  poincs  on  the  color  scale  for  AC-9.5 
oil  containing  31?  UMATMM-339  additive  and  to  no  more  tnan  0.5  point 
for  both  Eastern  and  Baklnskoye  oils  containing  Co-3  additive.  The 
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oil-ring  gaps  were  absolutely  clean  in  the  latter  case. 

Tables  129-131  present  data  characterizing  engine-component 
wear  for  Eastern  and  Bakinskoye  oils  containing  CB-3  additive. 

The  fuel  consumption  and  spark-advance  angle  of  the  engine 
were  adjusted  in  accordance  with  the  manufacturer's  instructions 
before  the  tests.  Table  132  shows  the  initial  power  and  economy 
indices  of  the  engine  at  full  throttle  and  2000  rpm,  which  was 
taken  as  the  control  regime  for  checking  engine  operation.  The 
fuel  consumption  under  these  conditions  should  be  13.5-13.8  kg/h 
and  the  spark-advance  angle  should  be  2^-20°. 

Table  133  presents  data  characterizing  the  change  in  power 
and  economy  indices. 

The  change  in  the  physicochemical  Indices  of  the  test  oils 
proceeded  almost  uniformly  over  the  surface  period  (see  Table  13^). 

TABLE  130 


Component  Wear 


1 

2 

3 

Macao  AC-I0(6aK.) 

noKa3aTc;iH 

AK-lOclOX 

CB-3 

MauiHH- 

HOC  cy 

3% 

A3HkH.8 

10%  CB-3 

s  CpCAHIIM  H3IIOC  UII.HIHAPOB,  MK 

7.1 

23,7 

5,9 

3,93 

6  l^biioc  nopuilicHiiix  KOiieu  no  norepe  Btca  (Ma) 

93 

lia  OAHO  KOAbllO 

07,0 

1«7 

81 

7  I'laiioc  Koneu  no  yoeAiiMeiiHio  3a3opa  b  saMKc 

i 

(MK)  lia  OAHO  KOAbltO 

100 

296 

177 

50 

"h  H;<hoc  Koneimaroro  aana,  mic 

9  uiaTyiiiiue  lueiiKH 

2 

7 

8 

1.7 

1 0  Kopetiitue  uieAKH 

2 

2 

8 

t.4 

1  1  lliiinc  BKAaAUuieft  noAUiuniiHKon,  Mi 
l  2  uiaTyiiiiue 

1 

235 

131 

3.8 

1  3  AOpeHllblC 

— 

105 

131 

5,0 

1  ->  lUiADHXiiiocTb  nopiuiieBbix  xoneu 

18* 

24 

24 

1  S  CBOCoAHMe 

21 

1  6  lUIOTIIfalC 

0 

0 

0 

n 

1  7  npHropBBIUHC  (nOJTIIOCTblO  HAH  HBCTHM- 
IIO) 

0 

3 

0 

0 

1  0  il.li.ip 

1.55 

X  9  c  Kojicu  H  KaiiaaoK  i 

1,33 

17.0 

14.0 

2  0  AHiima  nopujMfi  | 

0.98 

3.9 

5,8 

8.56 

•Piston  with  3  rings. 

1)  Index;  2)  AK-10  containing  10$  CB-3;  3)  CY  machine  oil;  4)  AC-10 
(Bakinskoye)  oil;  5)  average  cylinder  wear,  wm;  6)  piston-ring 
wear,  from  weight  loss  (mg),  per  ring;  7)  ring  wear,  from  Increase 
in  gap  (ym),  per  ring;  8)  crankshaft  wear,  ym;  9)  md  necks;  10) 
crank  necks;  11)  bearing-bushing  wear,  mg;  12)  rod  bushings;  13) 
crank  bushings;  14)  piston-ring  mobility;  15)  free;  ]6)  tight;  17) 
welded  (completely  or  partially);  18)  carbon  deposits;  19)  on  rings 
and  grooves;  20)  on  piston  faces. 
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TABLE  131 


Engine-Component  Wear,  ym 


■ 

Macao  A:-g,5  HK3 

u 

Macao  AC>10(j(aK.) 

1 

AeTMk 

.3 

« 

s 

fO 

1 

lA 

U 

V? 

o 

i 

B 

S 

S 

3 

n 

z 

1  OS 

1 

S 

3: 

n 

1 

CB-3 

4’ 

O 

' 

6w 

2» 

7  Ilopuieilb 

8  KaiMBKI  XOBbUa 

I  . 

II 

10 

0 

9 

10 

[. 

0 

t 

0 

II 

s 

4 

0 

3 

5 

0 

0 

HI 

6 

3 

8,3 

3 

8 

0 

9 

IV 

6 

2 

8.3 

5 

'  5 

0 

0 

9  Bo6uiuKii 

4 

3 

0 

4 

10 

6,9 

2,4 

1 0  l06Ka 

10 

2 

2.5 

20 

— 

3.9 

6,6 

1  1  BryjiKa  uiaryHa 

7 

I 

I 

2 

3,5 

3 

3,5 

1  2  riopuincaoA  naaeit 

1 

o 

0 

2 

5.6 

0,3 

1)  Component;  2)  oil;  3)  without  additives;  4)  cy  machine  oil;  5) 
Baklnskoye;  6)  with;  7)  piston;  8)  ring  grooves;  9)  bosses;  10) 
skirt;  11)  rod  bushing;  12)  piston  pin. 

TABLE  132 


Operating  Characteristics  of  rA3-51  Engine  Under 
Control  Regime  at  2000  r/mln 


1 

Macao 

Mom- 

1  MCCTb, 
A.  C. 

3 

PacxoA  ton- 
aNBa,  K2/b 

**  1 
ya.  pacxoa  1 

TonaHBa, 
a/a.  A,  e.H.  , 

1  yroa  one- 
peateiiKn  aa* 
jKHraHHa, 

1  5  rpajL 

AC.9.5  HK3  (Oca  npwcaflKH) 

51.3 

13,63 

265 

20 

AC-9.S  HK3+3%  UHATHM-339 

51,0 

13,4 

263 

20 

AC-9,5  HK3+I0%  CB-3 

50,5 

13,6 

.  269 

20 

cy  7  1 

51,5 

13,6 

264 

20 

AC-10  (6aK.)-|-3%  AaHHH-S 

50.3 

13,6 

269 

20 

AC-10  («aK.HI0%  CB-3  i 

49.4  i 

13,6 

274 

20 

AK-10cl0%  C6-3.  i 

53.0 

13,6 

250 

20 

1)  Oil;  2)  power,  hp;  3)  fuel  consumption,  kg/h;  4)  specific  fuel 
consumption,  g  per  effective  hp  per  h;  5)  spark-advance  angle,  de¬ 
grees;  6)  without  additives;?)  Baklnskoye;  8)  with. 
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TABLE  133 


Power  and  Economy  Characteristics  of  Engine  at  Full 
Throttle  and  2800  r/mln 


1 

Macilo 

Moui- 

HocTb  npn 
noaiioM 
Apocceae, 

2 

■^acoaoft 

pacxoA 

TO.aHia, 

KljH 

3 

yACAMUll 
^<.XOA  Ton* 

AHSa, 

a/A.  A,  e.  «. 

4 

- 5 - 

AC-9, S  MK3  (6e3  npucaAKH) 

,  AO  HCnUT. 

18,0 

284 

nocjic  HcnuT. 

r.0,3 

17,92 

303 

A09,5  HK3-»-3%  UHATHM-339 

0  AO  IICIIMT. 

r.4,5 

18,55 

287 

9  iiocae  NcnuT. 

61,5 

18,75 

282. 

AC-9.5  HK3-t-10%  CB-3 

8  AO  KCnuT. 

67,6 

18,1 

273,0 

9  nocac  HClIhlT, . 

67,0 

17,6 

263,6 

>Mau  HHoe  CV 

e  AO  HcnuY. 

— 

1 

7 

9  nocac  HcnuT. 

1 

— 

AC-10  (0aK.)-f3%  A3HMH-8 

6  AO  MCnUT. 

65 

18,5 

295 

7 

9  nocae  hchut. 

fi,",,5 

18,0 

275 

AC-10  (6aK.)-l-10%  CB-3 

a  AO  McnuT. 

67,2 

18,2 

I  271 

9  nocac  HCnuT. 

66,6 

18,2 

272 

e  AO  HCnUT 

65 

17,1 

262 

AK-10  -HO**,  CB-3 

9  nOCAC  hCnUT. 

65 

17,0 

261,5 

1)  Oil;  2)  power  at  full  throttle,  hp;  3)  fuel  consumption,  kg/h 
specific  fuel  consumption,  g  per  effective  hp  per  h;  5)  with¬ 
out  additives;  6)  cy  machine  oil;  7)  Bakinskoye;  8)  before  test; 
9)  after  test. 


TABLE  13^ 

Change  in  Oil  Physicochemical  Properties 


1 

Macao 

2  BasKocTb  npn  50”  C,  cent 

3 

HCX. 

4 

20  muh 

5 

51  H 

y 

AC-9,5  HK3  (6e3  npitcaaKH) 

50,47 

49,58 

,59,94 

AC-9.5  HK3-t-3x  UMATMM-339 

55,63 

54,9 

65,10 

AC.9,5  HK3-I  iOx  CB-3 

53,78 

56,8 

58,8 

cy 

49,38 

64,06 

AC-10+  3%  A3HHM-8 

— 

66,07 

90,60 

AC-IO-I-IO*  CB-3 

64,74 

51,9 

48,2 

AK-10-fl0»  CB-3 

72.64 

L _ 71 _ 

70,37 

I 


6 

KoKCyCMOCTb,  % 


’  I  ® 

SOJIbllOCTfc.  %  \  KhC;IOTHOC  MHCJIO,  Ml  KOI) 


r 

1  MCX. 

' 

20  MUH 

51  <! 

.... 

20  MUH 

51  4 

HCX 

1 

20  MUH  1 

51  'f 

0,15 

0,20 

0,47 

0,13 

0.17 

0,41 

0,45 

0.45 

0,65 

0,2,') 

0.26 

0.22 

1  asTrv  f- 

o.ot 

0,3.' 

'0,75 

0,83 

0,93 

0,.'Vrt 

0,54 

0.56 

0,02 

,  0.073 

0,2m 

1,109 

0,389 

0,003 

0,005 

0.011 

0,13 

0,23 

0.258 

— 

0,48 

080 

0,266 

0.2s:, 

— 

0.046 

0,18 

0.66 

0.71 

0,84 

0,62 

0,57 

0,56 

!  0  OTC 

0077 

0308 

0,91 

0,94 

‘  1,18 

0.65 

0,64 

057 

1  0  OTf. 

0.07 

032 

1)  Oil;  2)  Viscosity  at  50®C,  cSt;  3)  initial;  min;  5)  h;  6) 
tars,  %',  7)  ash,  <;  8)  acid  number,  mg  KOH;  9)wlthout  additives; 
10)  absent. 
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Long-term  stand  tests  of  automobiles  produced  from  a  prospec¬ 
tive  mixture  of  Baku  crude  oils,  subjected  to  a  high  degree  of  re¬ 
fining  (200Jt  furfurol)  and  containing  A3HMH-8  (Ba)  and  CB-3  addi¬ 
tives,  and  testing  of  C5-3  additive  mixed  with  AC-9  HK3  oils  prod¬ 
uced  from  Vostok  crude  oils  enable  us  to  draw  the  following  con¬ 
clusions. 

1.  Baklnskoye  oils  containing  A3HMH-8  (Ba)  additive  and  par¬ 
ticularly  CG-3  additive  ensure  noimal,  reliable  operation  of  rA3-51 
carburete.  oglnes  and  have  better  operating  properties  (wear,  car¬ 
bon  deposition,  tar  fonaation,  and  piston-ring  mobility)  than  AC-9.5 
HK3  oil  contyaining  3t  UMATMM-339  additive  for  cy  machine  oil. 

2.  The  most  effective  of  the  additives  tested  was  CB-3,  which 
provided  complete  plston-rlng  mobility,  high  piston  cleanness, 
and  minimum  wear  and  carbon  deposition  on  engine  components  In 
comparison  with  the  other  specimens  tested  when  mixed  with  selec¬ 
tively  purified  automobile  oils  produced  from  Baku  and  Vostok  crude 
oils . 

Testing  of  Engine  Characteristics  of  AahkiM-S  Additives  (Based  on 
C5-3  and  CK>3  Additives)  Mixed  with  Automobile  Oils 

When  the  CB-3  additive  appeared,  work  was  begun  to  develop 
new  versions  of  the  AaHMM-8  additive,  whose  detergent  component 
(AaHMM-5  additive)  was  replaced  by  CB-3  or  CK-3.  This  substitution 
was  made  In  an  attempt  to  Improve  the  detergent  properties  and, 
possibly,  other  engine  characteristics  of  AsHMM-S  additive.  The 
following  specimens  were  tested: 

AC-10  oil  from  Baklnskoye  crude  oil  mixed  with  5%  A3HMH-8 
additive  based  on  CK-3  (2,5%  AaHMM-7  +  2.535  CK-3); 

AK-10  oil  from  Baklnskoye  crude  oil  mixed  with  535  A3HMM-8 
additive  based  on  CB-3  (  2.535  AaHMM-7  +  2.5%  CB-3); 

AC-9.5  oil  from  Vostok  crude  oil  containing  5%  A3HMM-8  addi¬ 
tive  based  on  CK-3  (2.5%  A ^MM-7  +  2.5%  CK-3). 


TABLE  135 
Ring  Mobility 


1 

OOptMU 

2 

Cbo6oji* 

Nwe 

AGIO  e  3%  AjHIIH  S 

24 

AG  IO  c  10%  CB-3 

34 

AC- 10  c  5%  A3HHM-8  (CK-3) 

18 

AC-IOc5%  AsHMH-S  (CK-3) 

18 

AK-10  c  10%  CB-3 

18 

AK-10  c  5%  (CB-3) 

18 

AC-9A  (HK3)  c  3%  UHATMM  339 

34 

AC-9, S  (HK3)  c  10%  CK-3 

18 

AC-9.5  (HK3)  c  5%  AsHUH-S  (CK  3) 

18 

Note .  There  were  no  tight  or 
frozen  r^ngs. 

1)  Specimen;  2)  free;  3)  with. 
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The  test  results  were  compare-i  with  the  results  of  analogous 
tests : 

first  series:  AC-10  oil  contair,i''ig  3jJ  A3HHH-8  additive  based 
on  A3HMM-5  additive,  lOJJ  CB-3  addlt'  -r  5%  A3HMM-8  additive 

based  on  CB-3; 

second  series:  AK-10  oil  containing  lOJ^  CB-3; 

third  series:  AC-9.5  HK3  oil  containing  3$  I4HATMM-339  addi¬ 
tive  and  10^  CK-3. 

Table  135  presents  the  results  of  an  evaluation  of  piston- 
ring  mobility. 

As  can  be  seen,  all  the  specimens  tested  provided  complete 
piston-ring  mobility. 

As  was  to  be  expected  from  the  results  of  the  preliminary 
tests,  the  detergent  properties  of  the  AK-10  oil  containing 
A3HHM-8  (CB-3)  additive  were  poor,  apparently  as  a  result  of  the 
low  susceptibility  of  this  oil  to  the  additive  used.  The  best  re¬ 
sults  were  obtained  for  A3HMM-8  (CB-3)  additive  mixed  with  AC-10 
oi'' .  The  A3HMM-8  (CK-3)  additive  occupied  an  intermediate  position 
with  respect  to  piston-skirt  condition  when  mixed  with  AC-10  oil 
or,  particularly,  with  AC-9.5  HK3  oil. 

TABLE  136 


Deposits  on  Components  and  Oil  Burning 


1 

OSpaseu 

2 

*<* 

2  «  r 

“  a 

<•  3  ^ 
i2  o  o 

£  c  jc 

9 

0  . 

*  o 

V  m 

a.? 

•  « 

i  * 
r  * 

<!9  N 

‘m 

K  r 

s  ^ 

ps 

oO 

2*-: 

oe 

n  5 
n 

w 

•9 

X 

c. 

n 

* 

s 

»s.s 

AC-IO  c  3%  AsHHH-S  (AsHHH-S) 

20.8 

— 

AC-IOc  10%  CB-3 

10.1 

1 10..5 

45.0 

0.37 

AC- 10  c  5%  A3HHH-8  (CB-3) 

0.89 

.57 

3I>.5 

0.3 

AC- 10  c  5%  A3HHH-8  (CK-3) 

C.72 

2.0<i 

110.0 

47,0 

0,39 

AK-10  c  10%  CB-3 

2.31 

— 

91 

35,0 

0,2‘1 

AK-IO  c  5%  A3HHH-8  (CB-3) 

8.53 

3.33 

.36.0 

0,4(> 

AC-9J  (HK3)  c  3%  UHATMM-330 

A3 

— 

20.0 

83.0 

0,5.3 

AC-9.5  (HK3)  c  10%  CK  3 

A33 

0.29 

73,0 

30A 

0.25 

AC'9.S  (HK3)  c  6%  AsHHH-S  (CK  3) 

12,74 

2.97 

77.0 

70.0 

0.57 

1)  Specimen;  2)  deposits  on  pistons  and  rings,  g;  3)  deposits  on 
rings  and  grooves,  g;  il)  deposits  on  high-quality  oil  filter,  g; 
5)  oil  burnt,  g/h;  0)  oil  burnt,  %  of  fuel  consumption;  7)  with. 
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TABLE  137 
Cylinder  Wear,  ym 


1 

OOpaacu 

riaOCKOCTk  OCH  KOACH- 

2  laroro  uaa 

CpejUIH^  M3HOC 
miaHtt«pa 

napaaaeak-  j 
3 

iiepncHAH- 

KjratpHoft 

AC- 10  c  3%  A3HHM-8  (AsHHM-S) 

5.9 

AC-lOe  10%  CB-3 

2,66 

3,93 

AC-10  5%  A3HMH-8  (CB-3) 

3,3 

3,5 

3.4 

AC-10  c  5%  A3HHII  8  (CK-8) 

4.0 

4.6 

4.3 

AC- 10  c  10%  CB-3 

7,1 

AC-10  c  S%  A3HMM-8  (CB-3) 

lO.f: 

15,7 

12,8 

AC-93  (HK3)  c  3%  UMATMM-339 

F.0 

13,0 

9,0 

AC-9.5  (HK3)  c  10%  CK-3 

IJ.2 

l.I.O 

11,5 

AC-9.8 -(HKa)  c  5%  AaHHH  S  (CK-3? 

2.2 

7.6 

4.9 

1)  Specimen;  2)  plane  of  crankshaft  axis;  3)  parallel;  ^1)  perpen- 
diculeur;  5)  average  cylinder  wear;  6)  with. 


Table  136  presents  data  on  carbon  deposits  on  the  pistons 
and  rings,  deposits  on  the  high-quality  oil  filter,  and  amount 
of  oil  burnt. 

Use  of  A3HHM-8  (CE-3)  additive  with  AK-10  oil  Increased  the 
amount  of  carbon  deposited  on  the  pistons  and  rings  in  compari¬ 
son  with  that  yielded  by  10<  C5-3,  but  somewhat  reduced  the  amounc 
of  deposits  on  the  high-quality  oil  filter.  More  carbon  was  deposited 
on  the  rings  and  grooves.  The  amount  of  deposits  on  the  high-quality 
oil  filter  after  engine  operation  for  51  h  was  75-100  g  in  all  ca¬ 
ses,  except  for  the  AC-10  oil  containing  A3HMM-8  (CB-3)  additive 
and  AK-10  oil  containing  A3HMM-8  (CB-3)  additive,  where  It  was 
somewhat  lower. 

The  amount  of  oil  burnt  did  not  exceed  0.5-0. 6!?  of  the  fuel 
consumption  in  any  case. 

Table  137  presents  data  on  cylinder  wear. 

As  can  be  seen,  cylinder  wear  was  very  small  for  all  tests 
with  the  new  versions  of  A3HMM-8  additive,  being  close  to  the 
amount  obtained  for  lOjK  CB-3  and  less  than  that  obtained  for  Achmh-S 
(A3HMH-5)  or  10*  CK-3. 

Table  133  presents  data  on  piston-ring  wear. 

Less  wear  than  with  IkO*  CB-3,  10*  CK-3,  3*  UHATHM-339,  or 
3*  A3HMM-8  (A3hHH-5)  was  obtained  in  ail  cases.  Only  for  AC-IO 
oil  containing  5*  Ashwh-B  (CK-3)  were  the  results  somewhat  poorer 
than  for  10*  (CB-3},  but  they  were  still  substantially  better  than 
those  obtained  for  Ac-10  oil  containing  3*  (A3HV1M-5). 

However,  the  average  per-rlng  wear  determined  from  the  weight 
loss  was  ii5-o0  mg  in  ell  cases;  it  amounted  to  6l  mg  for  the  AC-IO 
oil  cor.tf^ning  3*  (A3^«».^-5)  and  to  87  mg  for  the  AC-9.5  MK3  oil 
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TABLE  138 
Plstrn-ring  Wear 
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TABLE  139 


Engine-Component  Wear 


1 
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AK-IO  c  10  CB-3 
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3  riopuieilb,  MK 

4Bo6uuirh 

10 

r>.9 

4,0 

0.0 

?4 

4.4 

3,0 

4,0 

M..'> 

siOOKa 

6 

3,9 

0.0 

1.0 

7..5 

2.0 

50 

0,1. 

BBryjiKa  BcpxRcA  roaoD- 

5,0 

KH  uiaTyiia,  mk 
TnopuiiioBoA  naaco,  mk 

3.5 

3.0 

R,fi 

0.0 

3.5 

3.0 

1.0 

•!,'< 

5.3 

0.0 

0.0 

0,« 

0.0 

2.0 

0,0 

0.0 

8  KoacHiaTuA  aaa,  mk 

^  KopcHHue  uicAkh 

1.7 

0.0 

2.0 

2.0 

2.0 

5.0 

2.0 

.5.2 

1  0  (llaTyiiHue  iucAkh 

1  BlUiaabiUIH,  M^ 

— 

1.4 

0,0 

2,0 

2,0 

2.0 

0.0 

0.2 

1  2  uiaTyHHue 

78.3 

05.0 

55.2 

— 

.'.3,0 

1.32,0 

100.0 

1  3KopcHHye 

105.C 

8 

75,0 

75,2 

— . 

4i,0 

- 

107,5 

7(..0 

1)  Component;  2)  with;  3)  piston,  ym;  k)  bosses;  5)  skirt;  6)  upper 
rod  bushing,  ym;  7)  piston  pin,  ym;  8)  crankshaft,  pm;  9)  crank 
necks;  10)  rod  necks;  11)  bushings,  mg;  12)  rod;  13)  crank. 

TABLE  li»0 


Change  In  Oil  Physicochemical  Properties 
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20  MM  a 
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-- 
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***• 
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1)  Index;  2)  wlth;3)  kinematic  viscosity  at  50®C,  cSt;  ml  i;  S)  h 
Sj  kinematic  viscosity  at  100*C,  cSt;  7)  acid  number,  mg  KOH  per  g 
of  oil;  8)  ash,  S;  9)  tars,  l;10)  total  Impurities,  I;  11)  iron  con 
tent,  m«  per  kg  of  oil; 
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containing  3%  UMATHM-‘339. 


Table  139  presents  data  on  the  wear  for  certain  engine  compon¬ 
ents. 


Very  slight  wear  was  produced  In  all  cases;  none  of  the  speci¬ 
mens  tested  were  Inferior  to  the  standards  in  this  respect. 

The  average  change  in  oil  physicochemical  characteristics  over 
a  single  engine-operation  cycle  (51  h)  is  characterized  by  the  data 
in  Table  1^10. 

It  can  be  seen  from  the  data  in  this  table  that  the  specimens 
underwent  changes  smaller  than  or  equivalent  to  those  in  the  stand¬ 
ards.  The  only  exceptions  were  the  acid  number  of  the  AC-9.5  HK3 
oil  containing  5%  AsHMM-S  (CK-3)  and  the  tar  contents  of  all  the 
specimens ,  which  underwent  a  somewhat  greater  change  than  for  the 
standards . 

The  test  results  enable  us  to  dr:v,  the  following  conclusions: 

1.  AC-10  oil  containing  5%  AsHMM-8  (CK-3)  provided  a  cleaner 
piston  surface  than  for  A3HHH-8  (A3HMM-5)  additive,  but  this  index 
was  somewhat  poorer  for  oil  containing  10$  CB-3  or  5$  AsHMM-S  (CB-3). 
The  degrees  of  piston  cleanness  obtained  for  AK-10  oil  containing 

5$  AaHMM-8  (CB-3)  and  AC-9.5  oil  containing  5$  AsHMH  (CK-3)  were 
respectively  equivalent  to  those  obtained  for  AC-10  oil  containing 
A3HMM-8  (A3HMM-5)  and  AC-9.5  oil  containing  3%  UMATHM-399. 

2.  The  Indices  for  cylinder,  piston-ring,  and  other  engine- 
component  wear  were  lower  than  or  equivalent  to  those  for  the 
standard  specimens. 

3.  Piston-ring  mobility  vras  maintained  throughout  all  the 
tests. 

i}.  The  changes  in  engine  power  and  economy  indices  were 
slight. 


5.  The  average  per-cycle  change  in  the  physicochemical  char¬ 
acteristics  of  the  crankcase  oil  was  also  slight. 

Testing  of  CK-3  Additive  Mixed  with  AC-9.5  hk3  Oil 

Replacement  of  dehydrated  barium  oxide  used  to  produce  CB-3 
additive  by  hydrated  calcium  oxide  yields  an  additive  whose  ac¬ 
tive  component  consists  of  calcium  salts  of  the  sulfur-containing 
acids  present  in  the  crude  oil.  An  additive  of  this  type,  desig¬ 
nated  as  CK-3  (calcium  sulfonate),  was  synthesized  and  subjected 
to  stand  teats  in  an  rA3-51  engine  in  mixtures  with  AC-9.5  hk3  oil. 
The  test  results  were  compared  with  data  obtained  in  similar  tests 
on  AC-9.5  HX3  oil  containing  CB-3  and  UMATMM-339  additives. 

Inspection  of  he  engine  after  the  tests  established  that 
ail  the  piston  rlngt  move  freely  in  their  grooves.  The  piston- 
skirt  surfaces  were  cK  The  piston  condensers  were  covered 
with  different  amcants  of  tar,  ranging  from  completely  clean  to 
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light-brown  In  color.  The  bottoms  of  the  piston  grooves  for  the  se¬ 
cond  and  third  rings  were  clean,  while  the  rings  themselves  were 
covered  with  brown  tar;  the  groove  lands  were  clean. 

The  oll-rlng  grooves,  crankcase-valve  housing,  and  filter 
housings  contained  no  greasy  deposits.  The  piston  surfaces  appeared 
to  be  as  clean  as  In  tests  with  oil  containing  CB-3  additive. 

Complete  plston-rjng  mobility  was  maintained  In  all  the  tests: 
all  the  rings  remained  f"ee. 

Table  1^1  presents  data  on  carbon  deposits  on  the  pistons 
and  rings,  deposits  on  the  high-quality  oil  filter,  and  amount  of 
oil  burnt. 


TABLE  l4l 

Amount  of  Deposits  on  Engine  Components  and  Amount 
of  Oil  Burnt 


— I — 

MaC40 


Ha  nopuine  c 
,  koabuaMH,  ^ 


Ha  <t.  T.  0.. 
I 


yrap  Nicaa 


AC-9.5  HK3+iO%  CK-3 
AC-9.i  HK3  +  10%  CB-3 
\C.9.S  HK3-t-3%  UHATHM  339 


6,33 

4.1 

6,3 


73 

:i4 

20 


303 

42,0 

63,0 


1)  Oil;  2)  on  plstor 3  and  rings,  g;  3)  on  hlgh-qual 
Ity  oil  filter,  g;  4)  oil  burnt,  g/h. 

TABLE  142 


Cylinder  Wear,  um 
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S 

CpeAHHii  no 
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AC  5.5  HK3-H0%  CK-3 
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15 
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AC-9.S  HK3  -f  10%  CB-3 

3 

S 

AC-9.5  iHK3-«-3%  UHATHM  339 

5 

1 

13 

9 

1)  oil;  2)  plane  of  crankshaft  axis;  3)  parallel;  4) 
perpendicular;  5)  average  for  two  planes. 


As  can  be  seen,  the  amount  of  carbon  deposited  on  the  pistons 
and  rings  by  the  oil  containing  CK-3  additive  appear  to  be  some¬ 
what  greater  than  for  the  oil  containing  C5-3  additive  and  equiva¬ 
lent  to  that  for  the  oil  containing  31  m4ATMM-339  additive. 

Table  142  shows  the  average  maximum  cylinder  wear. 

Use  of  the  oil  containing  CK-3  additive  resulted  In  somewhat 
greater  wear  than  use  of  the  oil  containing  CC-3  additive  and 
roughly  the  same  t.ear  as  use  of  the  oil  containing  UMATHM-339. 
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TABLE  143 


Piston-ring  Wear 


yaeJiHieiiHe  stso- 
2  pa  1  aatiKe,  mm 

j  rioTcps  Beta,  i  j 

1  H3HOC  no  auco- 

|b  '  TC.  MIC 

1 

Mmjio 

3  Koianpec- 

CHOHRue 

4 

KoNnpeccH- 
3  OHHUe 

4 

u 

o2 

KoMnpeccH 

3  ONHUe 

4 

b 

I 

It 

a* 

<  U  1 

1 

1 

11 

n  § 

1? 

^  u 

t 

, 

1  " 

•1  5 

li 

AC.9.S  HK3-i-10%  CK-3 

0.08 

0,08 

0,310 

0,048 

0,080 

0,143 

i,3 

2.4 

4 

AC-9.5  HK3+10%  CB-3 

0.067 

0.067 

0,165 

0,032 

0,082 

0,114 

3 

2.5 

3 

AC-9.5  HK3-<-3% 
LIHATMM-339 

1  0.1 1 

0.12 

0.21 

0,09 

i 

0,08 

0,09 

n 

8 

9 

1)  Oil;  2)  Increase  in  gap,  ram;  3)  compression;  4) 
oil;  5)  weight  loss,  g;  6)  wear,  from  height,  ym, 

TABLE  144 


Engine -Component  Wear,  ym 


1 

Aeraab 

AC-9,5  HK3 
2C  3% 

UMATMM-339 

AC  9A  HK3+ 
10%  CB-3  j 

AC-9.5  HK3-( 
10%  CK-3 

3  ilopuieHb 

1 

1 

I 

4  KaHflBKa  KOJibiia 

1 

10  i 

1  0 

!  0 

11 

4  , 

1  ” 

0 

III 

3 

1  8,3 

3 

IV 

{ 

i  8.3 

3  :>u6uaiKH 

3 

I  0 

4 

6  106km 

2 

{  2.5 

5 

7  llryiKa  luaryiia 

1 

1  1 

,5 

8  nopmiiCBoA  naaeii 

9  IJIcAkh  KORPHsaroro  aaRa 

2 

0 

0 

1  0  IlIaiYHHue 

5 

1.' 

1  ;> 

1  1  Kop«i«Hwe 

(i 

1.4 

0.2 

i  I  i 

1)  Component;  2)  with;  3)  piston;  4'>  ring  grooves;  5)  bosses;  6) 
skirt;  7)  rod  bushing;  8)  piston  pin;  9)  crankshaft  necks;  10) 
rod;  11)  crank. 

TABLE  145 


Change  in  Oil  Physicochemical  Properties 


1 

Macao 

1  2 

BaWOCTb  RHHCMa- 
TMKCtKaa  npH 

SO'C,  real 

6 

KoKcye- 
Moerb,  % 

"  1 

SoabMOCTb 

% 

*KHCaoiNOc 

4HC40,  Mil 

KO.H  Ha  1  1 
wacaa 

3 

<4 

^  1 

<9  S 

51 

3  1 

m  ! 

■  1 

a  ! 

R 

Si 

3 

>«' 

K 

■«»  19 

3 

V 

a 

- ^ - 

20  Man 

5 

Si 

.\r.-9A  1  10%  CK-3 

57.60 

57.06 

58.81 

0.56 

1.56 

1 

0.72 

OAO 

0,60 

I 

0.30 

0.07 

0.14 

loAO 

AC  0J  c  10%  .CB-3 

AC-9A  c  3%  UIIATHM- 

53.18 

55.8 

S8J 

0,75 

0.83 

0.93 

0.58 

Ofit 

Ofib 

0.02 

0,07 

0.28 

339 

55.63 

1 

154.9 

1 

65,10 

3,45j0.45j 

^0.55 

A.25j036 

0A2 

Ore. 

0.04 

0,32 

1 

1)  Oil;  2)  kinematic  viscosity  at  50®C,  cSt;  3)  initial^  4)  min;  5) 
h;  6)  tars,  J;  7)  ash,  %\  8)  acid  number,  mg  KOH  of  oil;  9)  with. 
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Ho»irever,  the  absolute  cylinder  wear  was  very  small  In  all  cases. 

Table  1^<3  presents  data  on  plston-rlng  wear.  Compression-ring 
wear  was  of  the  same  order  for  the  CK-3  and  CB-3  additives,  being 
substantially  less  than  that  for  the  UMATMM-339  additive. 

The  wear  for  the  remaining  engine  components  (Table  1^^)  was 
of  the  same  order  and  was  very  small  In  terms  of  absolute  magni¬ 
tude. 


Table  IA5  presents  data  on  the  change  in  Oa.*  physicochemical 
properties  over  51  h  of  engine  operation.  These  data  indicate  that 
the  changes  proceeded  uniformly  for  the  CB-3  and  CK-3  additives. 

Long-term  stand  tests  of  CK-3  additive  enables  us  to  draw  the 
following  conclusions. 

1,  The  results  obtained  in  testing  oil  containing  CK-3  addi¬ 
tive  were  similar  to  those  of  analogous  tests  conducted  with  oil 
containing  CB-3  additive. 

2.  AC-9.5  oil  containing  10/J  CK-10  additive  ensured  complete 
plston-rlng  mobility. 

j.  Engine-component  wear  was  small  in  absolute  magnitude  and 
far  less  than  for  use  of  I4MATMM-339  additive. 

4.  Use  of  CK-3  additive  with  AC-9.5  oil  provided  exceptional 
piston-surface  cleanness. 

5.  Engine  power  and  economy  indices  remained  unchanged  dur¬ 
ing  operation  with  oil  containing  CK-3  additive. 

6.  The  change  in  the  physicochemical  properties  of  oil  con¬ 
taining  CK-3  additive  was  small  and  proceeded  in  roughly  the  same 
fashion  as  for  CB-3  additive. 

Long-term  Stand  Tests  of  AC-6  hk3  and  AC-6  (Bakinskoye)  Oils  Con¬ 
taining  lOX  CB-3  Additl/e  In  rA3-51  Engine 

In  addition  to  testing  C6-3  additive  mixed  with  AC-9.5  HK3, 
AC-10,  and  AK-10  summer  oils,  we  also  tested  AC-6  HK3  and  AC-6 
winter  oils  (produced  from  Bakinskoye  crude  oil)  containing  10!6 
CB-3  additive.  These  mixtures  were  also  subjected  to  long-term 
600-h  tests  in  a  rA3-51  engine. 

Examination  of  the  engine  after  the  tests  established  that 
all  the  piston  rings  moved  freely  in  their  grooves  when  the  en¬ 
gine  was  run  with  AC-6  (Bakinskoye)  oils  containing  lOS  C5-3  addi¬ 
tive.  When  AC-6  oil  containing  milATMM-339  additive  was  tested  in 
two  engines,  all  the  rings  in  one  engine  were  free  but  a  slight 
force  was  required  to  move  the  rings  in  the  other. 

Engines  operated  with  AC-6  HK3  and  AC-6  (Bakinskoye)  oils 
containing  CB-3  additive  exhibited  roughly  the  same  tar-  and  car¬ 
bon-deposition  indices.  The  lateral  piston  surface  was  clean  In 
both  cases.  Small  areas  of  the  piston  surface  adjoining  the  con- 
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TABLE  146 


Deposits  and  Oil  Burning 


1 

OGpaaeu 

— ^ — 2 - ; 

Harap  na  nop* 
uiNe  c  Koab* 
uanH,  a 

OraowcHHa  na 
4>HabTpe  TOM' 
KOil  OHHCTKN,  2 

4 

yrap  maau.  th 

AC-G-<-3%  npiicaAKH  UHATHM-339  if 
1%  AaMHH  UHATMM-l.  Aanra- 

TCAb  1 

4.72 

. 

20 

55 

To  we.  ABuraTPAb  2 

3.80 

10 

92 

AC-6  HK3-»-IO%  npiicaAKH  CB-3 

0.56 

,58 

52 

AC-6  (6aK.)-f-IO%  npiicaAKH  CB-3 

8  S 

0.39 

76 

56 

1)  Specimen;  2)  deposits  on  piston  and  rings,  g;  3)  deposits  on 
high-quality  oil  filter,  g;  4)  oil  burnt,  g/h;  5)  additive;  6) 
engine;  7)  the  same;  8)  Baklnskoye;  9)  and. 

TABLE  147 


Cylinder  and  Crankshaft  Wear 


riaoCKOCTb  ocH  KOaeHHaToro 

5 

1 

2  Baaa,  mk 

CpCAHIlA  M3HOC 

OGpaaeu 

napaaaeabMoft, 

nepneHAHKy- 
4  aiipHoA 

unaMMApa.  xi 

®  AC-6+3%  noHcanKH  LlHATMM-339  m 
1%  AsHHH  UHATHM  l,  aiHra- 
TCJIb  I 

V  To  mt,  iBHrareiib  2  e 
AC-6  HK3-f  10%  npHcaaKH  CB-3 
AC-6  (6aK.)-H0%  npMcaAKH  CB-S 


1)  Specimen;  2)  plane  of  crankshaft  axis,  pm;  3)  parallel;  4) 
perpendicular;  5;  average  cylinder  wear,  mg;  6)  -6+3!?  liHATMM-339 

additive  and  155  AsHHH  UMATHM-1  additive,  engine  1;  7)  the  same,  en¬ 
gine  2;  8)  additive;  9)  Bakinskoye. 


4 

8 

0.2 


10 

G 

16 

0.6 


•9 

S 

12 

OA 
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densers  were  coated  with  tar,  which  was  light  hrown  for  the  AC-6 
HK3  oil  and  yellow  for  the  AC-6  (Bakinskoye  oil) .  The  tar  deposited 
on  the  condensers  ranged  In  color  from  light  to  dark  brown.  The  In¬ 
ner  surface  of  the  piston  skirt  was  coated  with  light-yellow  tar. 

There  were  no  deposits  In  the  oll-rlng  silts  or  the  piston 
drain  ports.  Light-brown  tar  covered  from  45  to  55J5  of  the  piston 
surfaces  In  the  engine  operated  with  AC-6  HK3  oil  containing  3% 
UMATliM-339  additive.  A  thin  layer  of  soft  deposits  was  formed  In 
the  oll-rlng  grooves  and  on  the  rings  themselves. 

The  amount  of  oil  burnt  was  about  the  same  In  all  cases  (Table 

146). 


The  cylinder  wear  In  the  maximum-wear  zone  for  the  AC-6  HK3 
oil  containing  CB-3  additive  was  roughly  the  same  as  for  the  AC-6 
oil  containing  MMATMM-339  additive. 

The  cylinder  wear  In  the  maximum-wear  zone  was  about  the  same 
for  the  AC-6  HK3  oils  containing  CB-3  and  UMATMM-339  additives. 
Slightly  less  wear  was  observed  for  the  Bakinskoye  oil.  The  abso¬ 
lute  cylinder  wear  was  very  small  In  all  the  tests  (see  Table 

147). 

TABLE  148 


Pis ton-ring  Wear 


Mtc«o 

^  yaeAHMCNMe  sa* 
3opa,  MK 

1  S 

1  norcpfl  seca,  mi 

1  Hshoc 

:  ^0  aUCOTC, 
MK 

3  KOKnpec* 
CHOHHMe 

“v 

A  * 

2  » 

%  V 

aKoMHpcc- 

CHONRUe 

4 

o  ® 

*  u 

3Kouiipee-  : 
CHORRUe  1 

* 

*  w 

t  1 

1 

II 

f 

• 

1 

II 

1 

■  n  1 
1 

AC-6  HK3-fcl0%  C5-3 

8 

67 

170 

27 

61 

80 

4 

18 

15 

AC-6  (6aK.)?-flO%  CB-3 

IS 

70 

ISO 

40 

52 

70 

0 

1 

1 

AC-6  HK3-f  3% 

UHATHM-339,  ASHra- 

1 

TCAb  1  ^ 

120 

90 

140 

no 

70 

50  ] 

12 

15 

8 

1  To  Kc,  AMraTCJib  2 

20 

70 

140 

80 

SO 

52 

2 

1 

1 

1)  Oil;  2)  Increase  In  gap,  ym;  3)  compression;  4)  oil;  5)  weight 
loss,  mg;  6)  wear,  from  height,  ym;  7)  Bakinskoye;  8)  engine;  9) 
the  same,  engine  2. 


The  wearing  of  the  first  piston  rings  was  substantially  less 
for  the  oils  containing  CB-3  additive  than  for  the  AC-6  oil  con¬ 
taining  UMATMM-339  additive  (see  Table  l48). 

The  wear  for  the  remaining  engine  components,  shown  In  Table 
149,  was  of  the  same  order. 

Table  150  shows  the  change  In  engine  power  and  economy  in¬ 
dices.  As  can  be  seen,  the  engine  operated  with  AC-6  HK3  oil  con¬ 
taining  101  CB-3  additive  retained  the  same  indices  throughout  the 
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TABLE  149 

Engine-Component  Wear,  ym 


1  ‘ 
Aerajib 

AC-6-i-39s  UHATMM-339 
)il«  AsHMH-UHATHM-i 

4 

AC-6  HK3+ 
+10%  npM- 
caxxH  CB-3 

S 

AC-6  ^6aK.H- 
10»  npNCMXii 
C6-3 

3  , 

xaMrareab  1 

3  „ 

XBHrareab  2 

6  riopUICHb,  MK 

7  KaHaBKa  Koabua  > 

1 

15 

7 

15 

0 

11 

10 

2 

9 

0 

111 

3 

1 

3 

0 

IV 

5 

1 

e  no6uuiKH 

S 

5 

7 

0.7 

9  l06Ka 

2 

1 

II 

4 

1  0  Bryaxa  uiaryiia 

4 

9 

7 

0.6  , 

1  irinpuiiicuoH  naaeu 

2 

2 

0.0 

0.0 

1 

1  2  KoacimaTMH  oa/i 

1 .3  niaTyiiHMC  uietlKU 

6 

2* 

3 

1  k  KopcHiiue  uieiiKii 

3 

0,6 

i 


•Data  for  '^JO  h  of  engine  operation. 

1)  Component;  2)  and;  i)  engine;  4) AC-6  HIC3  +  10%  CB-3  additive; 
5)  AC-6  (Baklnskoye)  +  lOJJ  CB-3  additive;  6)  piston,  ym;  7)  ring 
grooves;  8)  bosses;  9)  skirt;  10)  rod  bushing;  11)  piston  pin; 
12)  crankshaft;  13)  rod  necks;  14)  crank  necks. 


TABLE  150 


Change  In  Power  and  Economy  Indices 


I 

noKasareaH 

AC-6-f3?o  UHATHM-339 
2h  1%  AsHMM. 

1  UMATMM-1 

AC.6  HK3  c 
10%  lipKCSA- 
KH  CB-3 

b 

AC-6(6aic.)  (• 
10%  iiDHcaa- 
aa  C5-3 

Aai^rareai.  I| 

4 

5 

i  ** 

s 

(“»  AO 

HCIIMT. 

nocjie 

MCnUT. 

4 

HCnWT. 

!  5 

1  riDCjic 

MCnUT. 

1 

AO 

HCIIMT. 

nocac 

HCHNT. 

1  AO 

jacnuT. 

nocar 

jNCnUT. 

8  MoiuHOcn  npii  hcmihom  apocccvie. 

A.C. 

65.0 

66.0 

1  i 

;  68.0 

66.5 

70.2  1 

69.5 

66.1 

63.5 

3  MacoaoA  pacxoA  TonaHaa.  M/t 

16.5 

17.9 

18.2 

18.0 

18.2 

IR.2 

18.2 

18.2 

1  0  VAt’amuA  pacxoa  Tonaaaa. 

M.  e.  c 

263 

272 

268 

270 

1 

260 

1 

'262 

274 

266 

1)  Index;  2)  and;  3)  engine;  4)  before  test;  5)  after  test;  6)  AC-6 
HK3  containing  lOjt  CB-3  additive;  7)  AC-6  (Baklnskoye)  containing 
lOJ  CB-3  additive;  8)  power  at  full  throttle,  hp;  9)  hourly  fuel 
consumption,  kg/h;  10)  specific  fuel  consumption,  g  per  effective 
hp  per  h. 
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experiment,  while  that  operated  with  AC-6  (Bakinskoye)  oil  contain¬ 
ing  the  same  additive  exhibited  a  slight  Improvement  in  indices. 

The  average  change  in  oil  physicochemical  properties  proceeded 
in  roughly  the  same  fashion  in  all  cases  (Table  151) . 

The  test  results  enable  us  to  draw  the  following  conclusions. 

1.  Cylinder  and  first-compression-ring  wear  was  less  for  AC-6 
HK3  and  AC-6  (Baklnskoye)  oils  containing  CB-3  additive  than  for 
AC-6  oil  containing  3%  UMATMM-339  additive. 

TABLE  151 


Change  in  Oil  Physicochemical  Properties 


1 

noKaaarcjH 

AC  a  hK3  c3% 
2  npilCOAKH 
aHATMM-339+ 
1%  AaHHH- 
UMATMM-I 

3 

AC-6  HK3 
c  10%  npH- 
caxKH  CB-3 

<« 

AC.6  (68k.) 
c  10%  npN- 
caAKH  CB-3 

SBRSKOCTh  KHHeMaiHsecKaii  (ccr)  npu  50”  C 

20  MUH  ” 

38,06  . 

34,60 

40,22 

51  «  7 

38,18 

34,56 

41,97 

8  BoSKOCTb  KHNeuaTHMCCKaR  {eCT)  npH  100”  C 
20  MUH  6 

7,26 

7,34 

51  7 

... 

6,81 

7,65 

9  KHcnoTiloe  wMcno.  M^  KOH  Ha  1  a  nac^ia 

20  MUH  6 

0,13  * 

0,07 

0,07 

,  51  H  7 

0,29 

0,25 

0^0 

1:  0  SOJIbHOCTb,  % 

20  MUH  6 

'  0,31 

0,69 

0,60 

51  H  7 

0,25 

0,75 

0,69 

*  *  KOKCyCMOCTb,  % 

20  MUH  6 

0,51 

0.84 

0,74 

51  H  7 

0,61 

1,08 

0,97 

1  2  OpraHiHHecKaa  naab  MexaHHMCCKHX  npHMv* 
cefl,  % 

20  MUH  6 

0,011 

0,014 

51  H  7 

0,024 

0,010 

1  3  HeopraKHMCcKaR  nacTb  MfxaHHMCCKHx  npHMe- 

1 

cefi,  % 

20  MUH  6 

... 

0,022 

0,022 

51  H  7 

0,025 

0.028 

1  HecropacMHC,  % 

20  MUH  6 

0,022 

0,022 

51  H  7 

— 

0,025 

0,028 

1)  Index;  2)  AC-6  HK3  containing  3%  UMATHM-339  +  1%  AaHMM-UMATHM-l 
additive;  3)  AC-6  HK3  containing  lOJl  CB-3  additive;  4)  AC-6  (Bakln¬ 
skoye)  containing  10){  CB-3  additive;  5)  kinematic  viscosity  (cSt) 
at  50°C;.6)  min;  7)  h;  8)  kinematic  viscosity  (o3t)  at  100°C;  9) 
acid  number,  mg  KOH  per  g  of  fuel;  10)  ash,  %\  11)  tars,  %i  12) 
organic  mechanical  impurities;  13)  inorganic  mechanical  impuri¬ 
ties;  1^1)  unconsumed  material,  X. 


The  wearing  of  the  remaining  components  during  operation 
with  the  oils  containing  CB-3  additive  was  either  less  than  or 
ecu! valent  to  that  obtained  in  tests  with  AC-6  oil  containing 
UMATHM-339  additive. 

2.  The  amount  of  tars  deposited  on  the  pistons  and  other 
engine  components  was  less  for  the  oils  containing  CB-3  additives. 
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3.  Pull  plston-rlng  mobility  was  maintained  throughout  the 
test  period. 

The  engine  power  and  economy  indices  remained  constant. 

5.  The  change  in  oil  physicochemical  properties  proceeded 
normally,  as  when  the  engine  was  run  with  oil  containing  I4MATMM- 
339  additive. 

§4.  ENGINE  CHARACTERISTICS  OF  COMPOUND  ADDITIVES 

As  the  results  of  many  tests  have  shown,  use  of  5^K-1  addi¬ 
tive  in  various  tractor  engines  in  pure  form  greatly  reduces  oil 
corrosiveness,  as  a  material  stabilizing  effect,  and  consequently 
promotes  maintenance  of  piston-ring  mobility.  However,  there  is 
a  slight  increase  in  compression-ring  wear  (by  weight).  Use  of 
CB-3  additive,  which  does  not  have  antioxidant  properties,  in  pure 
form  does  not  provide  plston-rlng  mobility  in  various  diesels,  but 
minimum  piston-ring  wear  is  obtained. 

We  conducted  separate  and  Joint  engine  tests  of  different  con¬ 
centrations  of  B^K-1  and  CB-3  additives  mixed  with  Baku  and  Vostok 
oils.  Numerous  tests  confirmed  the  effectiveness  of  using  a  mixture 
of  these  additives,  since  there  is  a  substantial  mutual  reinforce¬ 
ment  of  properties  (synergistic  effect)  [10]. 

Engine  Tests  o.  .qc-ll  HK3  Oil  Contiininq  15%  of  Mixture  of  B^K 
and  CB-3  Additives  in  Ratio  of  8:7 

On  the  basis  of  an  analysis  of  the  data  obtained  in  laboratory 
and  nonengine  tests,  we  decided  to  subject  an  oil  containing  15% 
of  a  mixture  of  B<!>K-1  and  CB-3  additives  in  a  ratio  of  8:7  to  en¬ 
gine  tests  in  a  yMM-3  apparatus  (aA3-204  engine)  for  100  h  in  or¬ 
der  to  determine  the  detergent,  antiwear,  and  antioxidant  proper¬ 
ties  of  the  specimen  under  engine  conditions. 

Table  152  gives  the  data  obtained  in  a  100-h  test  of  the  speel- 


TABLE  152 

Results  of  Tests  in  .yHM-3  Apparatus 


l 

MacAO 

2 

PesyjbTaT,  Oaau 

;iC-ll  HK3+3%  UHATHM-339 

13.3 

il-ll-f  10%  CD-3 

9.8 

jI-ll  +  10%  CB-3 

7.26 

Zl-li-f«%  B<I>K 

10.5 

>  A-ll-f  10%  c  B4>K  M  CD-3  a  co.thouifhhm  2  1 

1  AC- II  HK3-f  15%  B4»K  c  CC-3  cooTHOuifiiNN  6:7 

3.54 

(lOO-sacoPOc  HcnuraMHe) 

3.65 

1)  Oil;  2)  result,  points;  3)  H-ll  +  10%  B^K  and 
CB-3  in  ratio  of  2:1;  4)  flC-11  HK3  +  15% 

CB-3  in  ratio  of  8:7  (100-h  test). 
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TABLE  153 


Results  of  Short-term  Tests  in  .flA3-204  Engine 


1 

noKiaarejM 

AC-II  HK3 

2  c  3% 

UMATMM-339 

ilC-11  HK3 

!C  5%  B4>K 

Mjl0%  CB-3 

aac-ll  HK3 
c  8%  B«K 

H  7%  CE-3 

**  Hshoc  KOMfipeccHOHiihix  Kojieu  no  necy,  *u 

I 

S02 

.302 

380 

1! 

294 

:74.2 

235 

Ill 

•  121 

80,7 

.32.4 

IV 

105 

58.4 

34,4 

S  B  CPCAHCM  Hi  KOnbUO 

255 

|M 

170,4 

To  xe  MacRocMMHux  Koaeu 

I 

,  25,0 

21,0 

10.7 

11 

22.5 

22.1 

9.0 

III 

19.7 

W.9 

8.4 

IV 

20.2 

15.0 

103 

S  B  CpaOHCM  HI  KO/lbUO 

21.8 

18.5 

9,6 

7  Hanoc  KOMnpcccNOHHux  Koneu  no  yBejiHncHRio 
stsopa  8  aanKc,  mk  ■ 

I 

300 

216.6 

300 

II 

262 

175,0 

100 

III 

62,6 

112.5 

12,5 

IV 

15 

100 

12,5 

5  B  cpetHCM  Ha  Kojibuo 

174.8 

126,0 

106,3 

6  To  xe  Mac.iocbeMHbix  iumck  i 

I 

50 

87.5 

37,5 

11  ■« 

62,5 

50.0 

37.5 

III 

62,5 

62,5 

0,0 

IV 

62,5 

62,5 

37,5 

s  B  cpajHCM  Ha  kojibuo 

8  Harap,  Me 

59,3 

€5.6 

28,1 

9  C  KOJieU 

2,98 

2..54 

1,70 

1  0  c  KaiiaaoK 

4,55 

5,09 

4.5.5 

1  1  Bcero 

1  2  Mjhoc  BManuiucA  (Mi)  Ha  oanh 

7.53 

7,63 

6.25 

1  3  nepxHHA 

39,9 

35,3 

10.0 

1  b  IIKXKXft 

17.2 

18.3 

2.0 

1  5  IloAaHMHOCTb  KOafll 

1  i  c»o6oAMue 

*  '  lUIOTHUC 

10 

15 

16 

5 

— H 

1  8  npHxna'icHHhir 

1 

1 

_  , 

1  9  CpCAHNft  HJHOC  UM.IHIUpoB  HO  MCTOA)'  BUpC 

341IMUX  ;iyHOX,  MK 

17,2 

10,16 

2.58 

1)  Index;  2)  containing;  3)  and;  4)  compression-ring  wear,  from 
weight  loss,  mg;  5)  average  per  ring;  6)  the  same,  for  oil  rings; 
7)  compression-ring  wear,  from  Increase  In  gap,  yn;  8)  carbon  de¬ 
posits,  mg;  9)  on  rings;  10)  on  grooves;  11)  total;  12)  wear  for 
sl^le  bushings  (rag);  13)  upper;  14)  lower;  15)  ring  mobility; 

16)  free;  17)  tight;  13)  frozen;  19)  average  cylinder  wear,  bv 
hole  method,  ym. 
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men  in  the  yHM-3  apparatus.  The  test  time  was  increased  to  100  h, 
rather  than  the  50  h  customarily  employed,  because  the  piston  was 
completely  clean  and  no  evaluation  on  the  point  scale  could  be 
made  after  50  h. 

For  purposes  of  comparison,  we  use  data  obtained  In  testing 
,QC-11  oil  containing  3%  UHATHM-339  additive  and  j3-ll  oil  contain¬ 
ing  different  concentrations  of  B<>K  and  C5-3  additives  in  pure  form 
and  In  mixtures  over  50  h  of  engine  operation. 

As  can  be  seen,  the  results  obtained  for  tests  on  the  15!?  mix¬ 
ture  of  B^K  and  C5-3  additives  In  a  ratio  of  8:7  were  substantially 
better  for  100  h  of  engine  operation  than  the  results  for  the  other 
specimens  over  50  h  of  engine  operation.  The  absence  of  tars  on  the 
piston  with  the  yMM-3  engine  operating  under  a  hlgh-temperature  re¬ 
gime  indicates  that  the  combination  of  CB-3  and  B4>K  additives  sub¬ 
stantially  Improves  oil  thermostability. 

Table  153  presents  data  obtained  In  testing  the  specimen  in 
a  JiA3-20!i  engine,  as  well  as  data  obtained  in  the  same  engine  for 
flC-11  H)C3  oil  containing  3%  UMATHM-339  additive  and  <qc-ll  HK3  oil 
containing  151  B^K  and  CB-3  In  a  ratio  of  2:1. 

It  can  be  seen  from  an  analysis  of  the  data  in  the  table  that 
the  oil  containing  15^  B4>}C  and  CB-3  in  a  ratio  of  8:7  yielded  bet¬ 
ter  results  for  all  the  indices  evaluated  (piston  cleanness,  carbon 
deposits  in  grooves  and  on  rings,  cylinder  wear,  bushing  wear, 
ring  wear  from  increase  in  gap,  and  ring  mobility).  The  fact  that 
the  wear  for  the  first  two  compression  rings  (by  weight)  was  some¬ 
what  greater  than  that  obtained  at  a  ratio  of  1:2  can  be  attributed 
to  the  higher  sulfur  content  of  the  fuel  for  the  8:7  ratio  (IJ, 
as  against  0.83iJ). 

;1C-11  HK3  oil  containing  15%  B<I>K  and  C5-3  additives  in  a  ra¬ 
tio  of  8:7  thus  has  sufficiently  good  antioxidant,  antiwear,  and 
detergent  properties,  which,  in  a  li<0-h  test  in  a  supercharged 
5IA3-204  diesel,  resulted  in  good  piston-surface  cleanness,  com¬ 
plete  piston-ring  mobility,  minimum  carbon  deposition  on  the  rings 
and  grooves,  minimum  wearing  of  the  cylinder-piston  components, 
and  absolutely  clean  exhaust  ports. 

Long-term  Stand  Tests  of  flC-ll  hk3  Oil  Containing  lOX  B«t>K  and  CB-3 
Additives  in  Ratio  of  2:1  in  flA3-204  Engine 

Tables  154  and  155  characterize  the  wear  for  the  main  engine 
components  during  operation  with  the  test  and  standard  oil. 

As  can  be  seen,  substantially  less  wear  for  all  the  main 
components  was  obtained  with  the  mixture  of  BtK  and  C[»-3  additives. 

The  character  and  amount  of  the  carbon  and  tar  deposits  on 
the  pistons  and  of  the  resin  deposits  on  the  oil-filter  elements 
were  evaluated  by  visual  examination  and  welghl.ng  (Table  156). 

Since  the  NAMI  list  does  not  include  data  on  the  amount  of 
carbon  deposited  on  the  pistons  and  rings,  we  used  the  carbon  de¬ 
position  obtained  in  operating  a  flA3-204  engine  with  cy  oil  con- 
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TABLE  15^^ 

Wear  for  Cylinder-Piston  Components 


1)  I  dex;  2)  HC-11  HK3  containing  3*  UHATHM-339;  3)  UC-11  HK3  + 
+  lOJt  and  CB-3  In  ratio  of  2:1;  maximum  cylinder-sleeve 
wear,  upper  zone,  in  shaft-axis  plane,  urn;  5)  parallel;  6)  per¬ 
pendicular;  7)  average;  8)  piston  wear,  from  change  in  diameter, 
ym;  9)  ou’:slde;  10)  boss;  11)  ring-groove  wear,  from  height,  ym; 
12)  oil  rings;  13)  piston-pin  wear,  ym;  1^)  compression-ring 
wear,  from  weight  loss,  mg;  15)  average  per  ring;  l6)  the  same, 
from  change  in  gap,  ym;  17)  the  same,  from  height,  ym. 
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taming  3%  MHATMM-339  additive  and  high-sulfur  fuel  (VNII  NP) . 

The  clear  advantage  of  the  mixture  of  B^K  and  CB-3  additives 
can  be  seen  from  the  dat:  ^n  the  table. 

TABLE  155 

Wear  for  Crankshaft-Rod  Components 


1 

nOKASATCAH  HJttOCt 

<  2 

AC  M  HK3  e  3% 
UHATHM-339 

“3 - 

AC-tl  HK3  c  I0\ 
SeK  M  C6'3  ■  co^T- 
NOUICHHN  2;1 

4  Hsmoc  uim  KUAfNiaTuro  aaAa,  jmk  i 

S  UlATyHHWX  i 

2 

1.0 

1  KOpeHHUX 

7  llsHOC  bkaxamiucA  nuAiUNnMHKoB  no  noTepe 

1  3 

lA 

»eca,  4u' 

1  uiaTyHHUx  aepxHMx 

75.9 

9  HIIXHDX 

34.1 

1  0  xopCHHiiix  aepxHHX 

j 

•  32.7 

9  HHAiHliX 

1  ^lixHflc  aKAMAiiiiiitffi  noAiunnHiiKoa  no  toaium* 

1  " 

71. « 

lie,  Mk 

S  uaryHnMx 

!  13 

n.f> 

6  aopfM  u'- 

]  10 

1.8 

12  HlHW  "^.Akii  ACpXMTA  fMAUiKH  UiaTVHiy  JMX 

!  13 

1 

12 

1)  Wear  index;  2)  AC-11  HK3  containing  3JJ  UHATMM-  339;  3)  flC-ll  HK3 
containing  10?  5<‘K  and  CB-3  in  ratio  of  2:1;  4)  crankshaft-neck 
wear,  ym;  5)  rod  necks;  6)  crank  necks;  7)  bearing-bushing  wear, 
from  weight  loss,  mg;  8)  upper  rod  bushings;  9)  lower  bushings; 

10)  upper  crank  bushings;  11)  bearing -bushing  wear,  from  thick¬ 
ness,  ym-;  12)  upper  rod-bushing  wear,  ym. 

TABLE  156 

Piston-Ring  Mobility,  Deposits  on  Filter  Elements, 

Carbon  Deposits,  and  Oil  Burning 


1 

Coctoimnc  icnjcl  nocM  600  t 
paOoTM  «■NraTe<eft 


;iC-ll  HK3  c  3n  i  AC-ll  HKi  c  10% 
llHATyM-339  B^K  n  CB-3  (2:1) 


4  riOASNMHQCTb  llupuINCBUX  KtMCU 

S  cm6uamm« 

(  IUIOTNU« 

7  npmuieMHUc 
*  CJWMIHHMr 

)  nuupMik*  N«  io6k«  itupuiHr* 


i  0  Otmwcmmn  n4  4*MAbTpyKaiHi  MKimnax  rpy- 
tel  onih;ikm  mm'A*  •  cp«A)i*><i  u  60-«tcu- 

•g|  KMHA,  •> 

1  t  To  MC  MX  IsWMrNTVX  TOHNOl  OSMCTHH 
1  2  PicxoA  MACAi  Ni  yfep  a  rpvANTM  )a  W  hm- 
«-oaol  UMM,  «<r 
1 3  a  %  a  picaoAy  rmuaaa 
1  a  lUrgpM  Ma  ACTAAta  nopwi'vaol  rpyiinM,  * 

I  i  II  TOM  AHCAC 

I I  Ma  AOAMiat 


27 

30 

4 

1 

* 

.liK  Atpaoro  MM- 

^a  teMMo-ieaofo 

T9  a«  flO— 70% 

uacTl  "« 

..  'McptHOCTM 

llOai.-piHOCTH 

20  ' 

46 

:<£  1 

i  155 

!  3.2 

1,35 

U.40 

90.95 

n.c6 

2.00 

6.77 

1)  Engine  condition  after  operation  for  600  h;  2)  ilC-11  con¬ 
taining  3?  UMATMM-339;  3)  AC-ll  hkz  containing  10?  and  CB-3 
(2:1);  4)  piston-ring  mobility;  5)  free;  6)  tignt;  7)  frozen;  8) 
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broken;  9)  ’'-ar  deposits  on  piston  skirt;  10)  deposits  on  low-quali¬ 
ty  oil-filter  elements,  average  for  6Q-h  cycle,  g;  11)  the  same, 
for  high-quality  filter  elements;  1^!)  amount  of  oil  burnt,  aver¬ 
age  for  60-h  cycle,  kg;  13)  %  of  fuel  consumption;  1^)  carbon  de¬ 
posits  on  piston  components,  g;  15)  inclusive;  16)  rings;  17)  grooves; 
18)  black  tar  on  60-70?  of  surface;  19)  dark  gray  tar  on  15-20?  of 
surface. 

TABLE  157 

Change  In  Physicochemical  Properties  of  HC-ll  HK3 

Oil  Containing  10?  EtK  and  CB-3  in  Ratio  of  2:1 


1 

2 

B«3Kocri> 

a  m  iiOH 

3 

If 

3ojii>- 

NOCTI., 

Khcaot- 

6 

7 

MexaHH- 

UpvMa  oitepi 

KuKcyc 

Moe  HHC- 

/Kcjie.'tu, 

HeCKHe 

iipoA 

1 

MOCTb,  \ 

;io,  M.’ 
KOH 

M.'  Kt 

npplMCCH^ 

eo"  c  1 

i 

im)  (;  1 

•V 

1 

\ 

20  MUH  8 

73.62 

12.33  I 

1  1.85 

0,96 

0,'A 

i:.B  : 

i  0,074 

lU  «  9 

75.40 

12.16 

'  2.08  1 

0,90 

0,09 

16.2 

i  0,016 

20  H 

76,09 

12.50 

2.41 

0,93 

0.09 

25 

1  o.o:y) 

;)U  1 

76,37 

13,17 

2,93 

0,90 

0.00 

3.5  1 

1  0,P27 

40  t 

77.33 

13.70 

3,34 

1  O.ijl 

0,08 

41 

,  0,021 

.'>0  1 

ati-o 

— 

1  0,% 

01' 

56 

!  0.(r27 

60  i 

81, 

13.35 

.142 

1  0,91 

0,10 

58 

1  0,0'V 

1  0  n.itteacMHe  3< 

60  f 

+  7.94 

;  +1.0? 

1  +1.57 

1 

1  -0,02 

+0.02 

+42.2 

-  0.047- 

1)  Sampling  time;  2)  viscosity,  cSt,  at;  3)  tars,  ?;  4)  ash,  ?; 

5)  acid  number,  mg  KGH;  6)  iron,  mg/kg;  7)  mechanical  impurities, 
?;  8)  min;  9)  h;  10)  change  over. 


Table  157  presents  data  on  the  change  in  oil  physicochemical 
properties  during  engine  operation. 

According  to  the  NA.MI  data,  operation  of  a  RA3-204  engine 
with  high-sulfur  diesel  fuel  (GOST  305-62)  and  HCn-ll  oil  yields 
the  following  average  per-cycle  indices  for  change  in  oil  physi¬ 
cochemical  properties:  viscosity  at  100®C  -  +1.9  cSt,  tars  - 
+12.79?,  ash  -  +0.15.1,  and  acidity  —  +0.25  mg  KOH. 

The  oil  containing  GOK  and  C5-3  additives  thus  underwent 
substantially  smaller  changes  during  engine  operation  for  6.0  h. 

Long-term  Tests  of  Baklnskoye  Diesel  Oil  Containing  10?  EOK  and 
CE-3  Additives  in  Ratio  o'  2:1  in  khm-46  engine 

These  tests  were  conducted  by  the  usual  method  and  conslstod 
in  operating  a  KilM-46  engine  for  2000  h. 

It  can  be  seen  from  the  data  in  Table  158  that  cylinder-sleeve 
wear  was  very  snail  for  the  test  specimen,  being  far  less  than  for 
the  oils  used  as  comparison  standards. 

Table  159  .’ihows  piston-ring  wear,  as  determined  from  weight 
loss,  increase  In  gap,  and  change  in  thickne.ss  and  helgiit. 

As  can  seen,  the  average  Irdlces  for  both  compression- 
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TABLE  158 

Average  Cylinder-Sleeve  Wee”  In  Maximum-Wear  Zone 


1 

Micm 


2 

Mmoc,  mk 


JlC-ll  HK3  c*3%  UHATHM-339 
Hfl-U  (6aK.)+6%  B«K 

sH-ll  (6aK,)  +  10%  D<>K  II  CB-3  b  coothoukhiih  2:1 


32 

2 


1)  Oil:  2)  wear,  ym;  3)  containing;  4)  HC-11  (Bakinskoye)  +  S% 
B<>K;  5)  JQ-ll  (Bakinskoye)  +  10J(  B<t>K  and  CB-3  In  ratio  of  2:1. 


and  oil-ring  wear  were  very  low,  being  substantially  less  than  for 
the  other  oils  tested. 

Table  l60  presents  data  on  the  wear  for  other  engine  compon¬ 
ents  . 


As  can  be  seen,  the  least  component  wear  was  also  obtained 
for  the  oil  containing  the  combined  additive. 

Table  l6l  shows  the  data  obtained  in  the  wear  zones  and  in 
the  directions  of  maximum  piston-skirt-diameter  increase  for  each 
piston. 

The  amount  and  character  of  the  deposits  on  the  engine  com¬ 
ponents  were  e’^aluated  visually  and  by  weighing. 

Weigtiing  of  the  carbon  deposits  removed  from  the  pistons  and 
rings  showed  that  they  amounted  to  7.0  g  for  the  test  specimen, 
123.1  g  for  HK3  oil  containing  3%  UMATMM-339  additive,  and  9.33  g 
for  .0-11  (Bakinskoye)  oil  containing  B<t>K  additive. 

The  amount  of  deposits  produced  on  the  low-  and  high-quality 
oil  filters  per  cycle  (120  h)  was  40  and  126  g  respectively  for 
the  test  oil  and  51  and  149  g  for  HYS  oil  containing  35^  UHATMM- 
339  additive. 

As  can  be  seen  from  the  data  in  Tables  162-164,  the  average 
Increase  in  oil  tar  content  over  120  h  of  operation  was  the  same 
in  all  cases.  The  acid  number  of  the  oil  containing  the  combined 
B1>K  and  CB-3  additives  rose  substantially  more  slowly.  The  ash 
content  of  the  test  oil  remained  constant,  while  that  of  HiC3  oil 
containing  3S  UHATHiM-339  additive  fell  sharply. 

The  long-term  tests  with  lOj  of  the  combined  additive  enable 
us  to  draw  the  following  conclusions. 

1.  Engine-component  wear  was  least  for  the  oil  containing  10$ 
of  the  co.^blned  additive. 

2.  Less  carton  was  deposited  on  the  pistons  and  rings  when 
the  engine  was  run  with  the  test  oil.  Better  results  were  also 
obtained  for  piston  cleanness  and  piston-ring  mobility. 
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TABLE  159 
Piston-Ring  Wear 


1 

noKaatTCAH  HsMoca 

Macao  AC-n 
c  3x 

UHAThM-339 

3 

Macao  A- 11 
(60k.)  c  6« 
E4>K 

1. 

Macao  A- 11 
(6aK.)  c  lOx 
U«K  H  CE-3 

s  Hshoc  KOMnpeccHOHKux  KCMieu  no  no- 
Tepe  neca,  Mt 

I 

3633 

380 

310 

11 

1914 

404 

263 

HI 

1279 

234 

205 

6  B  CPCAHCM  Ha  KOnbUO 

2260 

340 

260 

7  To  Mt  Macaoci>eMHUx  Koneu 

1 

1174 

273,4 

190 

11 

— 

494 

920 

6  B  cpcA  leM  Ha  koaluo 

1174 

382 

205 

e  Hshoc  KOMnpeccHOHHUx  Koneu  no  yae- 
JiH'iCHHio  saiopa,  mk 

1 

1  1  CaoMaHO 

400 

50 

11 

1  1  CaOMARo 

400 

64 

HI 

580 

390 

87 

6  B  cpCAH^M  Ha  KOAbUO 

680 

397 

66 

7  To  Hce  Macaoc^eMHux  Koaea 

I 

1280 

500 

220 

11 

— 

300 

113 

6  B  cpeAHeM  iia  KOAbuo 

1280 

400 

165 

s  Hshoc  KounpeccHOHHUx  xoneu  no  nuco- 

re,  MK 

1 

32 

12,5 

• 

7,3 

11 

27 

6.5 

'  6.5 

111 

24 

7.5 

•  4,25 

S  B  CpCAHCM  Ha  KOAbUO 

27.r 

8.6 

6.0 

7  To  xe  MacAocMMHUx  Konea 

I 

6 

2,25 

II  . 

— 

6 

6,0 

6  B  CpCAHCM  tia  KOAbnO 

6 

6 

4,06 

1 0  Hshoc  KOMnpeccNoiiiiux  Roncn  no  ron- 
IttHHC,  MK 

31.1 

I 

192 

10,5 

II 

_ 

35,9 

9,5 

III 

— 

66 

11.5 

6  B  cpeAHCM  iia  KOJibuo 

192 

44 

).3 

7  To  XC  MaCAOC-bCMHblX  KOACH 

1 

249 

40,5 

11.5 

11 

— 

48 

5.7 

^  B  CpCAHCM  Ha  KOAbHO 

249 

44.2 

8* 

1)  Wear  index;  2)  jlC-11  oil  containing  3!J  UMATMM-f339;  3)  /l-H 
(Bakinskoye)  oil  containing  6%  50K;  j3-ll  oil  (Bakinskoye)  con¬ 
taining  lOj  B0K  and  CB-3;  5)  compression-ring  wear,  from  weight 
loss,  mg;  6)  average  per  ring;  7)  the  same,  for  oil  rings;  8) 
compression-ring  wear,  from  increase  in  gap,  ym;  9)  compression- 
ring  wear,  from  helgJit,  ym;  10)  compression-ring  wear,  from  thick¬ 
ness,  ym;  11)  broker. 
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TABLE  160 

Engine-Component  Wear 


4 

noKastreJiM 

2 

AC-n  HK3  3N 
UHAThM-339 

3 

A-11  (tflK.) 
e  6x  B<PK 

A-Il  (6«k.) 
c  10«  BW 

H  CB-3 

Hshoc  uiceK  Ko;teii'iaToro  sana,  mk 

6  uiaTyiiiiux 

1 

3.1 

0,0 

7  XOpetIHhIX 

24 

2.5 

0.0 

Hshoc  BK/iaAbiuieA  rioAUiHnHHKoa  no  no- 
Tcpe  seca,  mi 

j 

6  lUaTyHMUX  ' 

— 

— 

no 

7  KUpeHHMX 

To  MC  no  TOAlUHHe,  MK 

198 

67 

6  ujaTyMiibix  . 

15,5 

0,0 

1.5 

7  Kopeiiitu'x 

— 

1.5 

1.0 

M3HOC  iiopuiHCBoro  nanbua,  mk 

6,2 

0.0 

MbHOC  BTyAKH  BSpXHeft  rOAOBKH  UIBTy* 

Ha,  MK 

— 

0 

1,0 

HsHOC  nOpUlHB  no  H3M*HeHHI0  >AHaMeT- 

pa  ■  fiofiuuiKax,  mk 

72 

36A 

1)  Index;  2)  /lC-11  HK3  containing  3%  UHATHM-339;  3)  H-ll  (Baklnskoye) 
containing  6%  ^4)  /l-ll  (Baklnskoye)  containing  10!?  B«K  and  CB-3; 

5)  crankshaft-neck  wear,  pm;  6)  rod  necks;  7)  crank  necks;  8)  bear- 
Ing-bushlng  wear,  from  weight  loss,  mg;  9)  the  same,  from  thickness, 
ym;  10)  piston-pin  wear,  ym;  11)  upper  rod-bushing  wear,  ym;  12) 
piston  wear,  from  change  in  diameter  at  bosses,  ym. 

TABLE  16 1 

Change  in  Piston-Skirt  Diameter  After  Operation  for 

2000  h,  mm 


1  nopUlCHbl  { 

11  nopiueHbl  1 

1  III  nopiUCHb  1  1 

IV  nopuieHbl 

z 

AO  HCnuT. 

3 

nocae 

HCnUT, 

z 

AO  HCnUT. 

;  3 

nocxe 

HCIIbiT. 

AO  HCIIblT. 

nocae 

HCnb4T. 

2 

AO  HCnUT, 

3 

nocjie 

HrnHT. 

144,69 

144,83 

144,^  ^ 

144,83 

j 

144,58 

144,57 

144,71 

144,83 

b 

yseaMHCHHe 

+0,14 

4 

yseaM’ieHMc 

+0,14 

4 

yBeXHHCHHe 

-0,01 

4 

VBe/iHqeHHe 

+0,12 

1)  Piston;  2)  before  test;  3)  after  test;  4)  increase. 
TABLE  162 

Change  in  Physicochemical  Properties  of  H-11  Oil  Con¬ 
taining  lOU  B^K  and  CB-3 


1 

BpcMi  orOopa  npo6 

BaxKOCTb 

npM50^C, 

fcm 

3 

Kokcvc- 

MOCTb'  % 

Kmc.iot- 
Moe  4MC- 

AO,  Mi 

kKOH 

30flb- 

HOCTb,  % 

6 

)Kcae30, 

20  itlM7 

93.7 

l,.55 

0.0,5 

1,08 

13,4 

30  H  8 

IM.BI 

1,56 

0,05 

1.14 

9 

60  4 

106,46 

1,66 

0,08 

1,16 

10.0 

120  4 

110,86 

1.75 

0,10 

1,25 

16.7 

ytcAM4CHHc  ncKaiarcAa 

+  17.29 

+0.20 

+0.05 

+  0,15 

+  3.3 

1)  Sampling  time;  2)  viscosity  at  50®C,  cSt ;  3)  tars,  %;  4)  acid 
number,  mg  KOH;  5)  ash,  J(;  6)  iron,  *;  7)  min;  6)  h;  9)  increase 
in  index. 
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TABLE  163 

Change  in  Physicochemical  Properties  of  fl-ll  (Bakln- 
skoye)  Oil  Containing  6%  B<PK 


1 

BpeMii  oT6opa  npo0 

B)l3KOCTfc, 

npH  SO'C, 
cent 

3 

KoKcye- 
MOCTI.,  % 

H 

KHC;io'i'Hoe 
RHMO,  Mt 
,  KOH 

5 

SOJIbHOCTb, 

% 

20.MUH  6 

80,77 

0,98 

0,04 

0.675 

30  <  7 

88,54 

1,094 

0,126 

0,736 

60  H 

91,63 

1,128 

0,150 

0,763 

120  H 

92,21 

1,153 

0,183 

0,777 

yieJiH^eRHe  noKasareji* 

+  11.44 

+0.176 

+0,143 

0,103  . 

1)  Sampling  time;  2)  viscosity  at  50®C,  cStj  3)  tars,  J?;  acid 
number,  mg  KOK;  5)  ash,  $;  6)  min;  ?)  h;  8)  Increase  in  index. 

TABLE  I6i4 


Change  Ir  Physicochemical  Properties  of  HC-11  HK3 
Oil  Containing  355  UMATMM-339 


1 

BpeM  OTdopa  npo6 

_  2 

BaSKOCTb, 

npH  50°  C, 
cent 

3 

KHCJIOTHoe 
MHCJTO,  MC 

KOH 

4 

KoKcye- 

UOCTb,  % 

5 

SoabHOCTb, 

% 

20  MUH  6 

64,2 

0,11 

0,76 

0,17 

30  «  7 

66,2 

0,48 

0,70 

0,10 

60  H 

38,0 

0.52 

0,79 

0,04 

120  H 

69,7 

0,60 

0,91 

0,05 

yBCJiHitHHc  noKajireaii 

+5,5 

+0,49 

+0,15 

-0,12 

Sampling  time;  2)  viscosity  at  50°C,  cSt;  3)  acid  number,  mg 
KOH;  4)  tars,  5)  ash,  55;  6)  min;  7)  h;  8)  Increase  in  index. 

TABLE  165 

Results  of  Tests  ir  yMM-3  Apparatus 


1 

Macao 

2 

Pcayabiar,  6aaau 

ZlC-ll  HK3+3%  UHATHM-339 

13,3 

AC  ll  +  10%  CB-3 

9.8 

,ac-ll  +  l5%  CB-3 

7,26 

AC-ll  +  8%  B<t>K  , 

10,5 

ZlC-11  +  10%  b<PK  c  CB-3  (2;!) 

3.54  c 

AC- 1 1  +  15%  BOK  c  CB-3  (8  iv,7) 

3,65(1000 

p  Oil;  2)  result,  points;  3)  containing; 
4)  and;  5)  h. 
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3.  The  physicochemical  properties  of  flC-11  .oil  containing 
lOi?  of  the  compound  additive  changed  less  in  the  flA3--20^  engine 
than  did  those  of  flcn-ll  oil.  .lien  a  engine  was  run  with 

/l-ll  Baklnskoye  oil  containing  the  same  additive,  the  change  in 
oil  properties  was  roughly  equivalent  to  that  observed  for  pure 

Testing  of  Additives  Mixed  with  Oil  Produced  From  Vostok 

Crude  Oil 

In  order  to  make  a  preliminary  evaluation  of  the  character¬ 
istics  of  oils  containing  b«t>K-l  and  C5-3  additives  in  pure  form 
and  in  combination,  we  conducted  preliminary  tests  on  hc-ll  HK3 
oil  containing  15%  B4>K-1,  15%  CB-3,  and  15%  of  a  mixture  composed 
of  b  parts  B«I>K-1  and  7  parts  CB-3. 

Data  obtained  in  similar  tests  on  /lC-11  HK3  oil  containing 
355  miATHM-339  additive  were  used  for  comparison  in  all  cases. 

Table  165  presents  data  obtained  in  a  100-h  test  of  the 
specimen  in  a  yHM-5  apparatus . 

The  test  time  was  Increased  to  100  h  from  the  usual  50  h  be¬ 
cause  the  piston  was  absolutely  clean  and  evaluation  in  points 
was  difficult  after  operation  for  50  h. 

For  purposes  of  comparison,  the  table  gives  data  in  tests 
conducted  with  /lC-11  oil  containing  LlHATMM-339  additive  and  H-11 
oil  containing  different  concentrations  of  5<t>K  and  CB-3  additives, 
both  in  pure  form  and  in  combination,  over  50  h  of  engine  opera¬ 
tion,  using  the  same  procedure  and  apparatus. 

As  can  be  seen,  the  results  obtained  in  the  100-h  test  of 
the  i5!t  mixture  of  B<t>K  and  CB-3  additives  in  a  ratio  of  8:7  were 
substantially  better  in  point  terms  than  for  50-h  tests  with  the 
other  specimens.  The  absence  of  tars  on  the  piston  with  the  yHM-3 
engine  operating  at  high  temperatures  indicates  that  the  combina¬ 
tion  of  CB-3  and  B4>K  additives  substantially  improved-  oil  thermo¬ 
stability  . 

140-hour  Tests  in  5IA3-204  Engine 

Table  166  presents  data  obtained  in  testing  the  specimen  in 
a  SIA3-204  engine. 

As  can  be  seen,  all  the  indices  evaluated  after  l40-h  tests 
were  better  for  the  oil  containing  1555  B<t'K  and  CB-3  additives  in 
a  ratio  of  8:7.  The  fact  that  the  wear  for  the  first  two  compres¬ 
sion  rings  was  somewhat  greater  in  this  case  than  when  the  addi¬ 
tive  ratio  was  1:2  can  be  attributed  to  the  higher  sulfur  content 
of  the  fuel  employed  for  the  8:7  ratio. 

;jC-ll  HK3  oil  containing  15Jf  6'>K  and  CB-3  additives  In  a  ra¬ 
tio  of  8:7  thus  has  sufficiently  good  antioxidant,  antlwoar,  and 
detergent  properties,  which  resulted  in  high  pi.;ton-surface 
cleanness,  good  piston-ring  mobility,  minimum  carbon  deposition 
on  the  rings  and  grooves,  minimum  wear  for  the  cy  1 1  ndei’-r  1  :■  t  cn 
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components,  and  absolutely  clean  exhaust  ports  during  l^lO-h  tests 
In  a  supercharged  J1A3-204  diesel. 


TABLE  166 

Results  of  Short-term  Tests  In  flA3-204  Engine 


1 

rioKtMteJIH 

AC-ll  HK3 
c  3* 

UHATMM-339 

- 1 - 

AC-il  HK3  c 
5» 

IdX  CB-3 

AC-1I  HK3  c 
3X  B<t>K-f7x 
CB-3 

sHihoc  KOMnpeecHOHHUx  komu  no  no- 

Tcpe-ieci,  Ml 

1 

502 

302 

380 

11 

294 

174.2  . 

235 

III 

121  . 

80.7 

32,4 

IV 

105 

58.4 

34,4 

6  B  CpCAHCM  lia  KOJIbUO 

255 

.  154 

170,4 

7  To  we  MaUIOClCMHUX  kojicu 

1 

25.0 

21.0 

10.7 

II 

22.5 

22.1 

9.0 

III 

i  19.7 

15.0 

8.4 

IV 

20.2 

15.0 

10,3 

6  B  CpeAHCM  HI  KOAbUO 

8  Hshoc  KOMnpecciioHiibix  KOAcu  no  yse- 
AHMCHHio  aaaopa  a  aaMKe,  mk 

21.8 

1S.5 

9,6 

I 

»  300 

216.6 

300 

II- 

262 

175,0 

100 

III 

625  1 

112,5 

12.5 

IV 

15.0 

100,0 

12,5 

6  B  CpCAIICM  Ha  KOAbUO 

174.3 

125.0 

106,2 

7  To  we  MacAocieMHux  xonea 

I 

50 

87.6 

37,5 

II 

62.5 

50,0 

37.5 

III 

62.6 

62.5 

IV 

S2.5 

62,5 

37.5 

6  B  CpCAHeM  Ha  KOAbUO 

69.3  ' 

65,6 

29,1 

9  Harapu,  i 

2.98 

1,70 

1  0  c  Koneu 

2.54 

1  1  c  KanaBOK 

4.55 

5.09 

4,53 

1  2  C  KOACU  H  KaHaaOH 

1  3  H3110C  oKAaAuuieA  (mi)  Ha  oahh 

7.53 

7,63 

6,25 

1  4  bcoxhhA 

39.9 

35.3 

10.0 

1  s  mhwhhA 

17.2 

13,3 

2.0 

1  s  nOABHWIIOCTb  KOAeU 

1  7  CBOSoAHUC 

10 

15 

16 

1'8  nnoTHue  ' 

5 

— 

1  9  ppHXBaMeHiiMe 

1 

I 

2  0  CpeANHA  N3HOC  UHAIIHApOB  HO  MCTDAy 

17.2 

10,15 

2,58 

BMpCSaHHbIX  AyHOK,  MK 

I)  Index;  2)  ;jC-ll  HK3  containing  3*  UMATHM-339;  3)  -ac-11  HK3  con¬ 
taining  5%  5«K  +  10<  CB-3;  /IC-ll  HK3  containing  3*  B^K  +  7% 
CB-3;  5)  compression-ring  wear,  from  weight  loss,  mg;  6)  average 
per  ring;  7)  the  same,  for  oil  rings;  8)  compression-ring  wear, 
from  Increase  In  gap,  urn;  9)  carbon  deposits,  g;  10)  on  rings; 

II)  on  grooves;  12)  on  rings  and  grooves;  13)  bushing  wear  (mg), 
for  single;  1^1)  upper  bushing;  15;  lower  bushing;  l6)  ring  mo¬ 
bility;  17)  free;  18)  tight;  19)  frozen;  20)  average  cylinder 
wear,  by  hole  method,  ym. 


In  selecting  the  proper  compositions,  the  B^K  concentration 
was  taken  as  a  constant  8S  In  all  cases,  since  this  concentra¬ 
tion  yielded  the  best  results  with  respect  to  ring  mobllltv  and 
piston-surface  cleanness.  Different  amounts  (4,  8,  and  121)  of  the 
CB-3  additive  were  used. 
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Results  of  140-hour  Stand  Tests  in  flA3-204  Engine 

Table  167  presents  the  results  of  l40-h  stand  tests  of  il-11 
(Baklnskoye)  oil  containing  B%  pure  B<l>K  additive  and  3  mlxtui’es 
50K  and  CB-3  additives  In  a  JJA3-204  engine. 

TABLE  167 

Results  of  Tests  In  AA3-204  Engine 


1 

nOKB3JTe;iH 

2 

A- 11  (6aK.) 
c  S%  B<1>K 

fl-11  (6aK.) 
c  8%  B'I>K 

H  4%  CB-3 

A'll  (6aK.) 
c  8%  B<1»K 

H  8«  CB-3 

A-ll  (6sk.) 
c  8%  BtK 

H  12  X  C5-3 

4  M3HOC  KOMnpecc!iJMHbix  KOAtii  no 
noTCpe  Beca,  jm2 

349,2 

354,9 

320,4 

1 

.  331.6 

II 

218.3 

99.7 

206,0 

127,0 

III 

115,1 

.36,6 

35.2 

50,0 

IV 

105,9 

38,9 

46,3 

52,0 

5  B  cpejiHCM  iia  Koabuc 

197,1 

131,0 

151,5 

141,0 

6  To  Me  Macaoci>eMiifa(x  Komu 

I 

15,4 

24,3 

'»5.0 

16,8 

II 

13,5 

29,0 

25.4 

12,0 

III 

16,4 

27.4 

32,9 

15.7 

IV 

!3,5 

24,8 

27.4 

17.7 

5  B  cpeAiieM  iia  koabuo 

.  14,7 

26.4 

30,2 

15,5 

7  MsHOC  KOMnpCCCHOHHbIX  KOAeU  DO 

voeAHMeHHK)  aaaopa,  mk 

200.0 

.  125 

50 

100 

II 

62.5 

nc 

83 

75 

III 

50,0 

33.3 

50 

25 

IV 

16,0 

50 

33 

25 

S  B  CpeAHCM  lia  KOAbUO 

82,1 

108 

54 

53 

6  To  Me  MaCAOCMMItUX  KOAeit 

I 

37.5 

1  100 

83 

87.S 

II 

25 

100 

83 

33 

III 

•  50 

87,5 

83 

50 

IV 

0 

83,3 

83 

60 

s  B  CpeAMCM  Iia  KOAbUO 

28,1 

92,7 

83 

59.1 

8  Harap.  e 

9  c  Koaeu 

2.49 

1,85 

2,35 

1,48 

1  0  c  Aiiiiiua 

2,28 

1,30 

4.20 

1,80 

lie  KaiiaROK 

3.20 

3.55 

3,05 

3.47 

1  2  ('  Koacu  H  KaiiaBOK 

5.69 

5,40 

5,40 

4,95 

1  3  OTAOMfilllH  Iia  OKHaX,  f. 

1,0 

2,45 

1,70 

3,10 

1  4  Ihiioc  oKAaAbiuieA  (aie)  wa  oahh 

1  5  oepxiii'ft 

'53.6 

37,4 

4,3,1 

21.5 

1  6  iiiimhhA 

28,4 

■'8,0 

43.2- 

3.9 

1  7  nOABHMIlOCTb  KOAeil 

1  8  CBOCOAIIhie 

15 

15 

15 

1  9  naoTHue 

I 

1 

— 

— 

2  0  ni-HxiiaMeiiHbie 

— 

— 

1)  Index;  2)  il-11  (Baklnskoye)  containing;  3)  and;  4)  compression 
ring  wear,  from  weight  loss,  mg;  5)  average  per  ring;  6)  the  same 
for  oil  rings;  7)  compression-ring  wear,  from  increase  in  gap,  ym 
8)  carbon  deposits,  g;  9)  on  rings;  10)  on  piston  faces;  11)  on 
grooves;  12)  on  rings  and  grooves;  13)  deposits  on  ports,  g;  1^*) 
bushing  wear  (mg),  for  single;  15)  upper  bushing;  16)  lower  bush¬ 
ing;  17)  ring  mobility;  I8)  free;  19)  tight;  20)  frozen. 
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Mixture  of  C5-3  actaioive  «ith  /J-11  oil  containing  8^  B^K 
additive  reduced  average  compreasion-rlng  wear  by  30!?  In  compari¬ 
son  with  8j{  pure  B<>!C.  Increasing  the  CB-3  concentration  had  almost 
no  effect  on  ring  wear.  However,  when  the  CB-3  concentration  was 
raised  to  8j?  and  then  to  123?,  the  plston-sklrt  surface  became 
markedly  cleaner,  ring  mobility  improved,  and  there  was  a  slight 
decrease  In  the  amount  of  carbon  deposited  on  the  rings  and 
grooves . 

Use  of  additive  combinations  Is  now  the  most  common  procedure 
In  compounding  lubricants  for  Soviet  ICE's.  Most  of  the  motor  oils 
of  Series,  A,  B,  C,  and  D  In  the  new  oil  classification  [11]  re¬ 
commended  for  mass-produced  automobile,  tractor,  marine,  and  other 
ICE’s  are  combinations  based  on  additives  produced  by  alkylphenol- 
formaldehyde  condensation  and  sulfonate  additives.  New  additive 
compounds  for  all  groups  of  oils  produced  from  Apsheron  crude  oils 
have  been  developed  and  put  Into  production,  their  main  component 
being  B«I>K  and  CB-3  additives  [12]. 

TABLE  l€B 


Results  of  Comparative  Tests  in  rA3-51  Engine 


1 

noKaaare/iH 

2 

fl-llc  3*CB-3 

H  2«  ;i4>-n 

3 

A-ll  c  CB-3 

H  2k  HHXn-21 

■»  H3HOC  KOMn/iCKTa  nopuiHesbix  ko;icu, 

59,0 

62.0 

S  ViiHoc  BX.naAbiuieA  uiaryHHfaix  noAiutiniiuxoB,  Mif 

56.0 

70.0 

6  OraoweHHa  Harapa  na  xoakuax  h  a  xaHaaKax,  a 

4.3 

3.9 

^  /laK  Ha  io6Ke  nopwHH,  fiaviau 

4.9 

3.7  ' 

9  riOABHMHOCTb  KOHIU 

2.7 

2.3 

1)  Index;  2)  A-11  containing  3%  C5-3  and  25?  flO-ll;  3)  fl-ll  con¬ 
taining  35?  CB-3  and  25?  HHXn-21;  *1)  piston-ring  wear,  per  set,  mg; 
5)  rod-bearing  bushing  wear,  mg;  6)  carbon  deposits  on  rings  and 
grooves,  g;  7)  tar  on  piston  skirt,  points;  8)  ring  mobility. 


TABLE  169 

Results  of  600-hour  Stand  Tests  In  flM3-236  Engine 


1 

rioKaaaTeaM 

il-n(6aK.)c5x 
B4>K,  2%  CB-3 
0,005%  nMC- 
2  200A 

flC-11+6% 
BHMH  Hri-370 

Harap  hb  nopuiHCBwx  xcjibuax  h  b  xaHaBKax,  a 

3.17 

6..')5 

CpCAHNA  HIHOC  KOHnACHTB  nopUiHCBUX  KOACU,  t 

0,72 

1.36 

CpBANHft  NSMOC  niAbS  UHAHHApOB,  MK 

6,5 

11,6 

CpeAHBft  NIHOC  BXABAbUJItA  UIBTyNHWI  DOAIItllBNN- 
KOB,  aw 

85 

ISO 

nOABaaiNOCTh  nopOiHBBUl  ROAtA,  teRAM 

0 

0,25 

1)  Index;  2)  jl-11  (Baklnskoye)  containing  55?  B^K,  25?  CB-3,  and 
0.0055?  nMC-200A;  3)  flC-11  ♦  65?  BHMM  Hn-370;  4)  carbon  deposit 
on  piston  rings  and  grooves,  g;  5)  average  plston-rlng  wear,  per 
set,  g;  6)  average  cylinder-sleeve  wear,  pm;  7)  average  rod-bear¬ 
ing  bushing  wear,  mg;  8)  plston-rlng  mobility,  points. 
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TABLE  170 

Results  of  l^lO-h  Tests  In  .*^A3-204  Enfjlne  (per-cylln- 
der  averages) 


1 

noKasarejiH 

Macao  A-II  |- 
9%  Moiito* 
613  10,7* 
CaHToar6-493 

Mkbo  a  ll(6aK.)  i' 
li4>K  1  4v 
CB-3t  I»»  MHxrf- 

30-f0,00.5%  flMC- 
j  2(H)A 

4  Ihlioc  K(JMnpcCCllOHIlUX  KQJ1CU  HO  nOTCpC  MCI  KOM* 

Ate 

87fi.9 

400 

5  To  >Ki-  MacjiocieMiiux  xoaett 

33.4 

54.2 

6  B  cpcanoM 

50 

50.7 

7  noaati)Ki;ocTb  Ko;ieu,  6aaau 

0.75 

0,75 

0  nopcMcuieiiiie  or  6o;ibuioro  yciuiHR 

0 

0 

0  1 0  wc  OT  ;i«rKoro  ycHaHM 

2 

3 

1 0  CBoCo.iiiiiie 

12 

13 

i  1  SauiPM/iciiiiue 

2 

0 

1  2  Harapu,  a 

1  3  c  Ko;icu 

1.15 

0,83 

1  4  C  KaiiaBOK 

0,839 

1.56 

1  3  c  Ainim 

0.522 

0.22 

1  6  c  CoKOoux  noncpxiiocTeft 

0,29 

0,30 

1  7  QTAOWeilKil  B  npOAyBOMHUX  OKHBX 

1.5 

1.25 

1  8  OTAOWeHItil  HB  BBeUeHTBX  0.T.O.  MBCJIB,  2 

1  9  PaOOA  MBCAB  B  CpeAllCM  111  UIIKJI  pafiOTU,  Kl 

505 

345 

5.7 

5.6 

1)  Index;  2)  ;i-ll  oil  +  9%  Monto-6l3  +  0.7JJ  Santolyub-^93;  3) 

4-11  C  Saklnskoye)  oil  +  11*  B«>K  +  4*  CB-3  +  1*  mxn-30  +  C.005* 
nMC-200A;  4)  compression-ring  wear,  from  vreight  loss,  per  set,  mg; 
5)  the  same,  for  oil  rings;  6)  average;  7)  ring  mobility,  points; 

8)  large  force  required  for  movement;  9)  small  force  required  for 
movement;  10)  free;  11)  pinched;  12)  carbon  deposits,  g;  13)  on 
rings;  14)  on  grooves;  15)  on  piston  faces;  16)  on  lateral  surfaces 
17)  deposits  in  exhaust  ports;  18)  deposits  on  high-quality  oil- 
filter  elements,,  g;  19)  oil  consumption,  average  per  operating 
cycle,  kg. 
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TABLE  171 

Results  of  6QQ-hour  Stand  Tests  of  fl-11  Diesel  Oil 
Containing  Group  D  Compound  Additives  in  JiA3-20^ 
Engine 


1 

rioxasaTfiiH 

/ 

Stbaoii  rpviiiibi 
TAC-II  1-0,7% 
CaHTOAio6-4934 
9%  mouto<613 

1 

fl-ll  1 11%  .;1>K  !• 
4%  CM  I?n 
MHXn-.lO-f 0,005% 
nMC-200A 

‘t  Hiiioc  uit.iiiitApoB,  mk 

S  li.llioc  KOMnjICKTO  KUMnpl'CCIIOHHI4X  KOJieil  no  noTcpc 

22,0 

20,0 

Hcca-, 

1210 

880 

6  T»  ))<o  Mar/<nci<c'MiiNx  ko.ick 

7  M.iiioc  KoMOprcnmiiMiiix  kojicu  no  bucotc  (b  cpcA* 

ito 

101,7 

IK'M  MB  KOJII.IIU),  MK 

8  Maiioi;  KoMOpccciioMiiMx  Konru  no  yneiitmciiiiio  oa- 

16 

3.1 

anpa  b  ctukc  KOAeii,  (b  cpeaiiCM  iia  KOBbuo),  mk 
s  rionniiMiiocTh  KOMnpccciioiiHUx  Koneu  (oTHecciiiian 

K  oAiioMy  nopmiiio) 

1  0  aaKOKconaiiMiiie  ii  nepeMciuaioudiecB  noA  fioAbUiiiM 

0,18 

0.18 

ycilAHCM 

0 

0 

1  <  nrpeMcmaioniiicci)  noA  nerKiiM  ycHAiieM 

1  2  CyMMapiian  ouniKa  iioaoiokhoctii  KoMnpcccHoiiitMX 
KOAoii,  nTiiccciiiiaM  K  oiitoMy  nopuiitio  (oucima  b 

la 

0.5 

6.')AAax  no  Mcro;iy  344-T) 

1  3  Otaonccimdi  AaKon  h  iiarapa  tia  actbarx  ABHrarcAa, 

OTIICCOIIIIUC  K  OAllOkiy  UHAUIIApy.  t 

0.7 

0,25 

\  4  iia  nopuiiicBbix  Ko^iiiuax 

ICI 

MO 

1  5  Iia  roAOBKC  H  nepcMbmnax  nopiUHii 

0,55 

0.58 

1  e  iia  AHMiuax  nopuineA 

0,!7 

0.15 

1  7  B  xaiiaBKax  KOMnpeccHOHHUx  Konett 

2,24 

1,90 

1  6  B  npOAyBOilllUX  OKHBX  THAU  KKAHHAPOB 

0,94 

0,64 

1  9  noaepxHOCTb  io<Skm  nopuma,  aoKpuTax  abkom,  % 

36 

33 

1)  Index;  2)  Group  D  standard:  jQC-11  +  0.71  Santolyub-493  +  9S5 
Monto-6li;  3)  4-11  +  11%  B<fK  +  4j{  CB-3  +  1%  HHXn-30  +  0.0C5*  HMC- 
200A;  4)  cylinder-sleeve  wear,  ym;  5)  compression-ring  wear,  from 
weight  loss,  per  set,  mg;  6)  the  same,  for  oil  rings;  7)  compres¬ 
sion-ring  wear,  from  height,  average  per  ring,  ym;  b)  compression- 
ring  wear,  from  increase  in  gap,  average  per  ring,  ym;  9)  compres¬ 
sion-ring  mobility,  for  one  piston;  10)  frozen  lings  and  rings 
requiring  large  force  for  movement;  11)  rings  requiring  slight 
force  for  movement;  12)  overall  estimate  of  compression-ring  mo¬ 
bility,  for  one  piston  (in  points,  by  344-T  method);  13)  tar 
and  carbon  deposits  on  engine  components,  for  one  cylinder,  g;  14) 
on  piston  rings;  15)  on  piston  head  and  braces;  16)  on  piston 
face;  17)  in  compression-ring  grooves;  18)  in  cylinder-sleeve  ex¬ 
haust  ports;  19)  tar-coating  of  piston-skirt  surface,  %. 
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Oils  for  carbureted  engines  (groups  A  and  B) .  As  was  pointed 
out  above,  these  groups  of  oils  are  intended  for  gasoline  engines 
with  different  degrees  of  supercharging.  An  ex^.mple  is  the  oil 
produced  by  ml:  Ing  a  selectively  refined  automobile  oil  with  bar¬ 
ium  sulfonate  (no  less  than  Z%  CB-3)  and  zinc  dlalkyldithlophoc- 
phate  (no  more  than  2%  H^-11)  [13]. 

Oil  containing  'i%  C5-3  and  2%  H<I>-11  is  recommended  for  use 
in  supercharged  V-block  3M;i-130  engines  produced  by  the  Automobile 
Plant  Imeni  Likhachev. 

The  Institute  of  Additive  Chemistry,  Academy  of  Sciences 
Azerbaydzhan  SSR,  has  now  recommended  that  the  fl^-11  additive  In 
this  combination  be  replaced  by  the  more  effective  HHXn-21  addi¬ 
tive  . 


Table  168  presents  the  results  of  comparative  150-h  tests  of 
both  oils  In  a  rA3-51  engine.  The  engine  was  operated  without  an 
oil  change  and  with  the  high-quality  oil  filter  disconnected. 

Replacement  of  H^-ll  by  MHXn-21  permits  a  slight  improvement 
in  the  detergent  properties  of  the  oil  and  reduces  its  tendency 
toward  formation  of  carbon  and  tar  deposits. 

Oils  for  compressive-ignition  engines  without  fuel  injection 
(group  CK  A  combination  of  alkylphenol  and  sulfonate  additives 
designated  as  A3HMM-8  (a  mixture  of  AaHHH-7  and  A3HMM-5)  was  first 
tested  in  diesel  engines  at  the  A.thuM  HP  in  1955  [12].  It  was  sub¬ 
sequently  shown  that  combination  of  alkylphenol  and  sulfonate  addi¬ 
tives  is  a  very  effective  means  for  improving  the  properties  of 
diesel  oils.  Compounds  whose  effectiveness  was  far  greater  than 
that  of  the  Individual  components  were  produced  on  the  basis  of 
the  B<>K  and  CB-3  additives  synthesized  at  the  INKhP.  One  such 
combination  (3%  2%  CB-3,  and  0.005!^  nMC-200A  foam  depressant) 

mixed  with  H-11  oil  from  Apsheron  crude  oil  was  tested  under  the 
designation  M-12B  in  the  new  SIM3-236  automobile  diesel  produced 
by  the  Yar^slavsk  Plant.  Table  I69  presents  the  results  of  the 
600-h  stand  tests,  as  well  as  data  obtained  when  the  engine  was 
operated  under  similar  conditions  wit!i  the  plant-recommended  il-11 
oil  containing  6^  BHMH  Hn-360  additive.  Diesel  fuel  with  a  sulfur 
content  of  about  1$  was  used  in  both  cases.  The  substantially 
greater  detergent  and  antiwear  efficiency  of  the  oil  containing 
the  compound  additive  was  obvious,  so  that  M-128  oil  from  Bakln- 
skoye  crude  oil  was  accepted  for  commercial  use. 

Oil  for  superchirged  compressive-ignition  engines  (group  D) . 
Fast-stroke  two-cycle  diesel  engines  and  engines  employing  meJlum- 
and  high-pressure  fuel  Injection  and  using  fuels  with  high  .'^ulfur 
contents  should  operate  with  group-D  oils,  in  accordance  with  the 
new  motor-oil  classification. 

The  INKhP  recommends  the  following  as  a  combination  for  produc¬ 
tion  of  group  D  oils  from  fl-il  (Baklnskoye)  oil:  llj  BeK,  CB-3, 
lit  MHXn-30.  and  0.0051  nMC-200A  [1^].  This  compound  was  checked  in 
a  flA3-20^i  engine  under  stand  conditions,  in  both  l*<0-h  and  600-h 
tests  (see  Tables  170  and  171).  These  tables  also  show  the  results 
of  tests  conducted  with  a  standard  oil  containing  Monsanto  addi¬ 
tives  . 


The  recurr-mLiia'- t.ion  ;  ■tlr.fior,  the  raquirementc  for 
group  D  o->ls,  having  higtier  antiviear  efficiency  than  the  correo- 
ponding  standard  and  being  equivalent  to  it  with  respect  to  deter¬ 
gent  properties. 

It  is  thus  possible  to  recommend  combinations  of  INKhP  addi¬ 
tives  for  production  of  oils  in  groups  A,  B,  C,  and  D;  when  pro¬ 
perly  used,  these  ensure  reliable  long-term  operation  of  the  over¬ 
whelming  majority  of  vehicle  engines  currently  being  produced  in 
the  Soviet  Union. 

REFEKENCF* 

1.  Dshordzhi,  K.V.,  Motornyye  masla  1  smazka  dvlgateley 
[Motor  Oils  and  Engine  Lubrication].  Moscow,  1959- 

2.  Meugey,  H.C.,  Nat.  Petr.  News.  Techn.  Ed,,  19^5,  3,  I. 

3.  Penfold,  N.C.,  Petry,  H.C.,  linbr.  End.,  June  19^5,  7-II. 

4.  Willey,  A.O.,  Nat.  Petr.  News.  Techn.  Eng,,  1943,  3,  XI. 

5.  Filippop,  V.,  Trudy  IT^II  NP.  Metody  analiza  nefti  i 
’^efteproduktov  [Transactions  of  the  All-Union  Scientific 
Research  Institute  for  the  Processing  of  Petroleum  and 
Gas  and  for  the  Production  of  Synthetic  Liquid  Fuel. 
Methods  of  Analyzing  Petroleum  and  Petroleum  Products]. 
Moscow,  1955- 

6.  Papok,  K.K.,  Zarubin,  A.P.,  Zakharov,  G.V.,  ’’Khimiya  i 
tskhnologiya  topliv  i  masel,’’  1959,  No.  2. 

7.  Firsanova,  Ye.N.,  Arabyan,  S.G.,  ’’Traktory  i  sel’khoz- 
niashiny,"  I960,  No.  1. 

6.  Federal  Standard  Metnods ,  No.  791*  Washington  D.C.,  19 ''v). 

9.  Prltzker,  G,,  a)  Nat.  Petr.  News,  37,  No.  40,  R-793-800, 

3  October  1945;  b)  ibid,  37,  No.  45,  871-882,  7  November 
1945,  c)  ibid,  27,  No.  49,  1001-1010,  5  December  1945. 

i.0.  Kuliyev,  A.M.  et  al..  Collection  entitled  "Prisadki  k 

smazochnym  tiuslam”  [Additives  to  Lubrication  Oils],  i-os- 
cow,  1561. 

11  „  Blugovldov,  I.F.,  Deryabin,  A. A.,  Puchkov,  N.G.,  "K!i!- 

mlva  i  tekhnologiya  topliv  1  masel,"  1963,  Nn.  2. 

12.  Kuliyev,  A.M.,  Prisadki  k  srrazochnym  maslam.  Moscow, 
l9o4  . 

13.  Srmeiiido,  Yo.G.,  Obleukhova,  O.S.,  Shchegolev,  N.V., 
sSanln,  P.I.,  Kuliyev,  A.M.,  et  al , ,  Sposcb  poluchenlya 
motornogo  masla  [A  Method  of  Producing  Motor  Oil].  USOH 
Patent  Nc.  158369,  class  ClOm;  23c  loii  "Byull.  Izobtv- 
tenly  1  tovarnykh  znakov,"  196],  No.  21. 


P'TD-HT-23-922-b8  -  234  - 


1^. 


Kuliyev,  A.M.,  Suleymanova,  F.G.,  El'ovlch,  I. I.,  Zeyna- 
lov,  Q.A.  and  Mushaylov,  A. Ye.,  Sposob  poluchenlya  mo- 
tomykh  masel.  USSR  Patent  No.  172446,  class  23c; 

"Byull.  Izobreteniy  1  tovamykh  znakov,”  1965*  No.  13* 


Manu¬ 

script 

Page 

No. 

133 

139 

139 

145 

145 


Transliterated  Symbols 

H  =  n  =  nominal ‘niy  »  nominal 
Bbix  »  vykh  »  vykhodnoy  =  outlet 
Bxoa  a  vkhod  ®  v'khodnoy  =  inlet 
MaKc  =  maks  =  makslmal’nyy  =  maximum 
T  ®  t  =  toplivo  =  fuel 
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